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To Our Readers 
Nive to possessing information on any subject, the ideal condition 


is to know where to find it. The information on almost any sub 
ject is so great as to lie beyond the knowledge of an individual. The 


problem usually is to know where to find what is wanted—the demand 


for information of all kinds has grown so rapidly that one is often at 
his wit’s end to know where to look. 

The need for an agency to disseminate information pertaining to 
instruments and devices for measurement, inspection and control, is 
evidenced by the increase in this phase of the work performed by 
INSTRUMENTS. During its first year (1928) the Information Sec 
tion of INSTRUMENTS received on an average of 30 requests per 
month for sources of supply, the first six months of this year this 
number was almost doubled, while the average number of questions 
received during the past three months was over 90 per month. 

INSTRUMENTS continually strives to bring together all informa 
tion pertaining to measurements and instruments—the articles in a large 
number of publications are currently abstracted, the new literature 
published by manufacturers on instruments, meters, etc., is listed 
monthly, descriptions of new measuring and control devices are cov 
ered as soon after their development as the information can be ob 
tained. Further, a list of the books at present available on this subject 
has been prepared in printed form and is available for distribution 
Our catalogue files contain the most complete sets of manufacturers’ 
literature. An instrument index on the sources of supply of instruments 
of all kinds is in the course of preparation. New books on this subject 
are reviewed and in some cases translations will be made 

If we can assist you, write us. 


The Measurement of Air Flow 
AST month we announced the beginning of a series of articles on 
MEASUREMENT—INDUSTRIAL & SCIENTIFIC. We this 
month offer an additional series—THE MEASUREMENT OF AIR 
FLOW. The installments of these books can be read systematically 
each month in odd moments, otherwise wasted. A two year subscrip- 


tion to INSTRUMENTS will assure your receiving a copy regularly. 
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The Instrument Exhibits at the National 
Metal Exposition 


NSTRUMENTS are daily becoming a more important factor in all 
] industries. That this fact is being more fully appreciated is appar 
from the interest aroused by the exhibits of instruments at th 
National Metal Exposition. A number of new instruments and devices 
fer measurement and control were exhibited. The instruments dis 
nlaved are mentioned below as no doubt many of the readers did not 
have the opportunity of attending the exposition and many who did, 
uld not visit all of the splendid exhibits for the lack of tims 
The American Gas Furnace Company had a new gas flow meter and 


temperature controllers in operation on g: 
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The Automatic Temperature Control Company, Inc. showed under 
perating conditions: two balancing three-position controllers with 
inticipating features; a three-position single motor controller and a 
two-position single motor controller. A three-position motion controller 
operating an 8” air and 1” oil valves was set up to Operate from push 
button switches. An electric heater controller designed to save power 
is compared with rheostat operation of small electric furnaces was 
ilso shown. 

The exhibit of the Bristol Company was an operating exhibit and 
featured the following: a pyrometer controller, indicating and record 
ing pyrometers, a new line of automatic temperature controllers, includ 
ing motor valves for gas, oil, air and steam of the floating type. Their 
latest development, a hot blast temperature controller was included 

The following very complete line of instruments was displayed in 
the booth of the Brown Instrument Company: indicating, signaling, 
controlling and recording pyrometers; indicating and recording flow 
meters; recording and controlling thermometers; indicating and record 
ing COz meters; recording and controlling pressure gauges; automatic 
control valves and thermocouples and protecting tubes 

An apparatus for the determination of CO, shown for the first time, 
was on display in the booth of the Chemical Rubber Company, as well 
as laboratory equipment 
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The Coats Machine Tool Company, Inc. exhibited: the <« 
line of Krupp Mikrotast gauges for internal and external gauging 
contact Mikrotasts for gauging very fine wire; Mikrotast g1 
gauges for use on cylindrical grinders while in operation; Elasti: 
spring testing machines for tension and compression tests; Prest 
micrometer fluid gauge; hand tachometers and speed recordin 
cators. 

X-ray negatives and photographs of castings showing internal 
detected by the use of X-rays in the examination of these mat 
were shown by the Eastman Kodak Company, Kelley-Koett Ma 
turing Company and Victor X-Ray Corporation. 

Volumetric carbon determination apparatus for making dete: 
tions in 31/2 minutes, a new vest pocket pyrometer and a quick 
laboratory balance were exhibited by Birger Egeberg. 

R. Y. Ferner Company showed new models of micro-indicato1 
and stands for high precision measurements in inspection work: 
versal measuring machine, designed for internal as well as ext 
measurements, including all measurements of screw threads; and 
precision measuring microscopes. 

A line of graduating and snap action thermostatic gas val\ 
water temperature control was on display in the booth of the Fla: 
Manufacturing Company. 

Portable and wall type pyrometers, resistance thermomete: 
special electrical, mechanical, magnetic and pyrometric instru 
were shown by the Illinois Testing Laboratories, Inc. 

The Leeds & Northrup Company showed their potentiometer 
rometers in the form of indicating, recording and controlling 
ments, also Hump and Homo furnaces. One of the features of 
exhibit, which attracted a great deal of attention was the demo: 
tion board whereon was shown visually the fact that the potentior 
pyrometer was unaffected by throwing in series in the circuit 
resistances, the leads could be changed from 10 to 100 and 
without throwing the needle off at all. 

In the booth of E. Leitz, Inc. the Leitz micro-metallograph w 
display. This is a laboratory instrument embodying several 
developments. The metallurscope, a portable metallographic instru: 
of simplified construction, was also shown, as well as the Guthrie’! 
grinding and polishing machine, and smaller size microscopes at 
merous accessories. 

A 100,000 pound 3-screw autographic and automatic universal 1 
ing machine with quick change eight-speed reverse gear box dri\ 
in operation in the Tinius Olsen Testing Machine Company 
Other testing machines exhibited by this company were: con 
impact tension and cantilever type impact tester; Haight alternate 
testing machine for determining fatigue limit in tension and cot 
sion; direct motor driven production type Brinell hardness tester; H 
bert direct motor driven production type “Cloudburst” hardness t 
a hardness tester for rubber compounds; a motor driven prod 
type ductility testing machine for determining the drawing qualit 
sheet metal; proving and verifying rings; various types of strain g 


> 


Olsen-Lundgren dynamic balancing machine operating on cent 


} 
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high tension spark principle and an Olsen-Lundgren automati 
ing static balancing machine for statically balancing rotating | 

A Ranarex indicating and recording CO, meter was exhil 
the booth of the Permutit Company 

The Pittsburgh Instrument & Machine Company exhibit 
cision, production, power-driven and hand operated Brinell | 
testing machines, a sheet metal tester, a metallographic gri 
Brinell microscope, a Brinell depth indicator, and proving rin 

A complete exhibit of the new control pyrometer on a small 
furnace as well as with an automatic valve was shown by the R 
Flow Meter Company. The display also included flow met 
meters and a CO, meter 

The Riehle Brothers Testing Machine Company displayed a \ 
hardness tester, Brinell machine, calibrating rings and a mir 
someter reading to 1/100,000 of an inch 

The latest model dilatometer was exhibited by Stanley P. R 
Company. A new type of automatic control valve containing 
of program control and multiple stage adjustment was show: 
booth of Ryan, Scully and Company 

George Scherr Company, Inc. had Carl Zeiss precision m 
machines and instruments on show. In the booth of the Shor 
ment and Mfg. Company the following was on display: variou 
of scleroscopes, rubber testing instruments, the Monotron a1 
Pyroscope. 

The 60,000 pound Southwark-Emery universal testing ma 
tracted considerable attention. Specimens were tested almost 
vusly in tension and compression. The machine has a hydraull 
ind the Emery weighing system with loads indicated on larg 
the new electric multiple range stress-strain recorder was sh 
operation on this machine. In addition there was shown a 4 
pound hydraulic testing machine for field tests of welded 
McCollum-Peters electric telemeter; Whittemore strain gaug 
Huggenberger tensometer. The Steel City Testing Laboratory « 
ing the same booth exhibited: hand and power operated Brit 
chines, a hardness testing hammer, a sheet metal tester and 
rings 

A Moore fatigue testing machine was shown in the booth 
Thompson Grinder Company. 

Automatic weighing, counting and checking scales were dis} 
by the Toledo Scale Company. The Toledo Precision Devices, Ir 
subsidiary of the Toledo Scale Company exhibited a special Aut 
for insuring the uniform compression of piston rings and for t 
valve springs 

The Harold E. Trent Company exhibited the operation 
temperature controls for heat treating, pit type, pot type and oil 
type furnaces 

In addition to indicating, recording and controlling pyrometetr 
tric resistance thermometers and Rockwell hardness testers, the W 
Maeulen Company exhibited a new potentiometric recorder wit! 
inch strip chart 
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Measurements 
Industrial & Scientific 


An Instruction Book for Engineers 
DR. WALTER BLOCK 
Eichungsdirektor der Provinz Ostpreussen 
CHAPTER I 
The Historical Development of the Measuring Science and the 
Systems of Length and Weight 


by 


DR. FRITZ PLATO 


Director a. d. Reichsanstalt fuer Mass und Gewicht 
with 109 Figures in the Text 


1928 


I. INTRODUCTION 


EASURING and weighing not only form the most necessary 
prerequisite of every exchange ot goods, from the simplest 


barter of the savage tribes to the world wide commerce of the princely 
[ u | \ 


merchant, but also make up the necessary basis of ail scientific research 
ind technical knowledge. Physics and chemistry owe their immense 
advances in the study of the processes of nature in no small measure 
to the continual improvement of measurements and methods of meas 


t 


urement, and the highly developed engineering of the present, in fact, 
would be inconceivable without the finest measuring means and meas 
urements. From earliest times, therefore, the greatest attention was 
given to the development of measurements and the measuring science 

Measuring in the most general sense of the word denotes the deter 
mination of quantity. The measurement of a certain unit is carried out 
by comparison with another unit. By weighing we understand the de 
termination of mass sizes, it therefore falls within the more general 
conception of measurement 

The quantity, with which the comparison is made, is designated as the 
measure. It is called the measuring unit, if the quantity measured is 
brought into numerical relation to the measure and expressed as a 
multiple or fractional part of it. Principal units are such units for the 
conception of which other units need not be used. Auxiliary or derived 
units only have value in reference to the principal units. Sub-units are 
used, if with the expression of the value relation of a quantity to a 
principal—or auxiliary unit numbers are obtained which are too large 
or too small. The meter, for example, is a principal unit, as its explana 
tion requires no other units, it stands by itself. Square meter and cubi 
meter are auxiliary or derived units; they only have sense or value due 
to their relation to the meter. Kilometer, millimeter, micron are sub 
units; of themselves they are superfluous, as each length can be ex 
Eptor’s Note: INSTRUMENTS has secured the complete rights for publication in the 
English language of the latest book on measurements by Dr. Block. The English translatior 


will be published serially in INSTRUMENTS, the first in 


tember issue. 
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pressed in meters, but they prove very serviceable with ths 
representation of very large or very small lengths 

Every 
of like kind, for example lengths, masses, forces, resistances 
len 


quantity can be compared and measured only with 


gths, masses, forces, resistances respectively. For each 
therefore, a specific unit should be determined. Actually, tl 
vast number of special units can be reduced to three basi 
physical phenomena consist, in the last analysis, of motions. | 
tion, however, presupposes the existence of three quantiti 
must be considered as basic: a mass which moves, a space 11 


the movement occurs, and a time within which the moven 


For this reason, the science of physics requires only thr 
mental units, one for the mass, one for the space, and on 
time. In chemistry the same applies. In the technical scien 
only the two units of mass and space suffice, of course only 
as they are not pure and applied physics and chemistry. In <¢ 
time is of importance, in most cases only for the determin 
wages but hardly serves as a measuring unit. One could go stil 


further and be satisfied with one fundamental unit, i.e. that 


because units for space and mass are, as a rule, not independ 


each other since the unit of mass is related in many measuring 
to the mass of a space filled with a certain material, generally \ 
given density. Accordingly, only the unit of space would be 
mental unit, and the unit of mass a derived unit. It is possibl 
ever, that the mass unit be the fundamental one and the spac« 
derived one. Also, the time unit can be made the starting point 
other quantities.’ 
The number of fundamental units is, therefore, strictly | 

more than three. Nevertheless, the number of principal units is 
limit because each quantity can be used as a unit for any ot} 


Lilt 


tity of the same kind provided only that two people or a co1 


agree to recognize it as unit. Therefrom spring the limitless abund 


of units and of measuring systems based on them in ancient 
where almost every family formed an independent group. Onl; 
such small communities began to communicate with others o1 
larger communities was the necessity for common units and mé¢ 
systems felt and became the more urgent as international trad 
creased. Aside from a few oriental measuring systems of more 
local importance only two systems are, at present, in use: the 
and the English system. The first named, however, is making c 
able strides to replace the latter entirely, and to gain the sole r 
tion of the whole world. 

In the choice of units the quantities given by nature thrust 
selves forward. And indeed, almost all units were originally 
units, and every time a new measuring system was created or 
duced it was agreed from the beginning that the principal u 
taken from nature. The advantage of natural quantities is said t 
sist in that they can be derived, even though all their embod 
should all be lost at the same time, solely by the nature of t 


1 
h 
11 


*For all these questions see the treatise by Wallot in Handbuch der Physik, vol. II, B 
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, from the original natural quantity. It was, however, overlooked 
ip to most recent times that all things in nature are subject to 
ious changes, except mass and matter. Even the earth changes 
ipe and form and is doomed, like all celestial bodies, to destruc 

n. Further, it was not taken into account that natural quantities 

ld not be used directly for measuring purposes. First, embodiments 
plicas must be made in order to make them serviceable tor prac 
use. Since all measurements are subject to errors replicas cannot 

ree, neither with the original quantities nor among themselves, with 
ficient accuracy that they could be considered to be absolutely iden 
One of them had, therefore to be set over the others and made 

he only original unit to which all other units were to be related 

The original units were in most cases, kept in the principal temple of 
the State God and declared to be a holy unit. By this fact though the 
natural unit lost its significance as a unit, and its place was taken by its 
replica, the prototype. Finally, the natural quantities were neglected 
iltogether even when the latter was not destroyed, and the connection 
between natural quantity and the prototype which at first was con 
sidered only as a replica remained mainly in its designation; the natural 
unit became a conventional unit. The most recent measuring system, 
namely the metric, has passed through exactly the same process of 
development. 

Which natural quantities were preferred as units is shown by the 
designations which almost without exception refer to the parts of the 
human body or perhaps to occupations, or also to things belonging to 
human surroundings. Especially are the designations of units of length 
derived from parts of the body or from lengths which can be grasped 
or measured by them. In all peoples are found names like ell (length 
of the lower arm from elbow to the tip of the middle finger), hand, 
span (distance between the tips of stretched thumb and little finger), 
fist, thumb, thumbs breadth, foot, pace (distance of one step in walk 
ing), etc. Some peoples, in addition to these, used the width of a barley 
corn, breadth of a horse hair or mule hair and similar, as they are still 
used today in the Orient and by the Arabs and Persians. For larger 
lengths, especially for distance, among others, the following were used: 
stone’s throw, a day’s journey, 1000 paces. Size and designation of 
units for areas, in so far as they were not formed simply by the squares 
of the length units, were derived, preferably from agricultural measure- 
ments, from the labor of man and beast, for example acre (piece of 
land a man could plough with one team from morning till evening), 
yoke (a day’s labor of a team of oxen in a yoke), bushel seed, load 
seed (field for which a bushel, respectively a load of corn is required 
lor sowing), etc. Also for measures of volume, space and masses simi- 
lar conceptions are found. With regard to the latter names may be 
mentioned as load (mass which a man can just carry), corn (granum), 
carat (Kuara, weight of the corn in the pod which was used in Africa 
lor weighing gold, in East-India for weighing diamonds). These exam- 
ples could be extended indefinitely, the above named, however, give a 
sufficient proof of the abundance of natural quantities and their vari 
ety, as well as their lack of inter-relation. 
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The setting up of units chosen to meet special requiren 
without inter-connection do not form a measuring system evi 
the quantities otherwise serve excellently for certain applicat: 
‘y it is required that in a measuring system the 

its are limited to a minimum and that they bear clearly re 
relations to the secondary units. That measuring system in w! 


relations are absolutely clear and so simple that from on 


others can be derived without difficulty must be recognized as 1 
hould have, as convenient as possible 
] 
| and secondary units 


I 
As a rule, the ur f length is the fundamental and prin 


Further, the sub-units s 


for building up a measuring system. From the unit of length, 
yf area and of volume is derived. The former is a square with 
of length as the side, the latter a cube with the unit of length as t 
The mass of a certain material—as a rule, pure water in th 
its greatest density is used for this purpose—which is contai! 
unit of volume or in a sub-unit of it, is taken as the unit of ma 
often the unit of mass is chosen as the fundamental and princi; 
It is taken to be equal to the mass of a body selected from natu: 
1 certain quantity of bodies, for example grains of barley. T] 
filled with the material, for example water which balances tl 


unit then forms the unit of volume, the surface of this cub 


of area, anc the edge of the cube or the side ot the area th 


] 

— eee ; : 

length. In tl measuring systems, no provision is made for tl 
| 


fundamental unit, that of time, but there are measuring systen 
yr at least include it 
ations of sub-units to principal 


start from the unit of time 
Among the numerical re 
ary units, three are of special importance: the division in 2, thi 


( 
] 
| 
i 


in 10, and the division in 12. The simplest and most natural div 
the division in 2 or, as it is also called, the continued halvi 
child already divides a quantity into equal heaps, these agai 
equal parts, and so on. Due to the fact that the division by 
natural it will be retained by the great masses in all measuring 
whichever numerical system has been introduced to them. Th 
for continued halving was taken into account in Germany by tl 
ust 17, 1868 ordinance of weights and measures though only 

volumetric measures by admitting 1/4, 1/8, 1/16, and 1 

the May 30. 1908 ordinance of measures and weights admits it 
in a roundabout way because the 1/4 and 1/8 kg which are per 
do not fit into the metric system even though, as it is done n 
designation in grams—250 g. and 125 g.—is prescribed for the 
tive weights. 

In the English system the division by two is still prevalent toda 
division by twelve (duodecimal division) has the great advanta 
its fundamental number is divisible by five factors, 2, 3, 4, 6 
that sub-units to the amount of 1/2, 1/3, 1/4, 1/6 and 1/12 
principal unit can be formed which in many cases is desirabli 
been applied for example by subdividing the foot into 12 inch 
lines. The division by ten (decimal, decade system) is based 
same fundamental number as our Arabic numerical system w 
is known, is derived from the ten fingers. This agreement bri: 
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therefore, a 


traordinary simplification in calculations and, 
he Wevel 


in time. The advantages of the decimal system are 
wn that they require no explanation. The disadvantag 
small divisibility 


division consists in the 
10 which can be factored only by 5 


1/2, 1/5, and 1/10, can be form 


fractions, 
1s and tenths { 


loes not calculate with fiftl 


used in all systems based on 


t be eradicated. 
EARLY MEASURING 

measuring and weighing systems of antiquity 

mentioned, namely the Babylonian, because it 

e starting point for all other systems and was \ alid, 3 

perhaps up to very recent times. In old Bab 

and for pi ea he. 


SYSTEMS 


tne 
Was, 


ie fundamental unit 
(sexagesional system) was used. Unit of mass was 

the talent. The edge of a cube encl 

The talent was divided into 


] 
tt 
ul 


vas 


mount of water, 
ter, is the Babylonian foot 


the Babylonian mine is said to have been retai! 


ilf ot 
the unit of medicinal weight, the Nurembh« 


systems, the measures of 


foot. A definite, but for every 
bi 


len 


In the more recent 
the unit is as a rule, the 
fraction of the mass which 
is unit of mass Besides these there existed a great number of meas s] 

he p incipal units could 


ial purposes the connection of which with t 


is contained in a cu 


proved only with difficulty or not at all 


The Prussian System. One of the best-foun 
he embodiment of its units was very likely the one used in Prussia 


Init of length was the According to the May 16, 1816 
rdinance of measures and weights, was ti ) 
Parisian foot. But in order 

an original quantity which cou 
was determined 


Prussian foot. 
the Prussian 
39.13 lines of the 

Presa foot measure based on id be in 
lepe porn reproduced at all times vl n doubts aros 
thats after having finished the observations of the let 


ib at Berlin, this length and its re 
should be publicly made known say a standard 
made and kept at the Ministery of Finances and Comn 


thorized measure in the Prussian State. Three e 


_—_ a under the same supervision were t 
\oyal Building Commission, 


lation t 


) 


at the Mathematical Cl 

of Science, and at the Supreme Court. These four rods 
ron by Pistor and had a length of 3 ft. 7 lines (956 m), ; 

14.6° (31.8 mm), and a thickness of 4.9” (10.77 mn They in 
ited the length of 3’, the subdivision into 36”, and tl 
lines which intersect vertic 
another of about ( 
ides The line 


hich 


LiL il 


| 
1e subdivision of 
4 1 
two other 
| 1 


1 
} 


1 


st inch into 12” by 
lrawn at a distance from one 
the rod on one of its wide 
t the inches on pins of this metal w 
rough the whole iron, for the line ( 


LOU 


Ider 
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The rods were to be compared with one another every ten 
work on the relation of the original measure with the French fo 
and the pendulum length at Berlin, as also the determinati 
latter and the comparison of the rods was carried out by Bess 
of theoretical and practical considerations the scientist was, hi 
stigated to propose, as Prussian original measure, a definite 
length in place of the measure with lines, and in the “law for t} 
measure of the Prussian state with respect to the law of May 
it states: The basic measure for the Prussian foot is that unit v 
derived in the year 1837 from the French foot by assuming it to 
equal to 139.13 lines. “The length of the Prussian foot is 
solely by this original standard, namely the distance between | 
of sapphires set in the axis of the standard and measured at a 
ture of 16.25°C which is, under these conditions, 0.00063 lin 
than 3 Prussian feet. This explanation of the Prussian foot 
authentic one.” This original standard was deposited at the Pru 
istery of Commerce and is now in possession of the Physikalis 
nische Reichsanstalt, Section I for measurements and weights. 7 
of the seconds-pendulum at Berlin, expressed by the original 
was fixed at 456.1629 lines. By this measurement, the length of t 
sian foot was made independent of the French units. All worl 
nection with the determination of the new original standard 
made by Bessel. A description of the rod is given later. In mai 
ters, the fathom of 6 ft. and in mining the “Lachter” of 80 
for the selling of dry goods the ell of 25.5 inches. The foot 
divided into 12 inches of 12 lines 31385 m. As a measure of 
the mile of 2000 Ruten of 12 ft 
area was the Prussian or Madgeburg acre of 180 square Rute: 
25.532 acres. Otherwise, the squares of the measures of length we: 
The unit for liquid measure was the Berlin quart of 64 cubic 
1.145 liters, for dry measure the bushel of 3072 cubic inches 
liters, 20 quarts = 1 anker, 2 ankers == 1 pail, 2 pails 1 oht 

1 Oxhoft, 4 Oxhoft = 1 Fuder, 100 quarts 1 beer keg 

1 wispel, 1 bushel 16 Metzen, 1 ton linseed 37 2 
1 cord wood = 108 cu. ft., 1 ton (salt, coal, etc.)—= 4 bushels 
rute = 144 cu. ft., 1 Kummt peat = 138.36 cu. ft 

Unit of mass was the pound = 467.711 grams. It was the 6¢ 
of the mass of 1 cu. ft. of water of 15° Reamur temperature, 
in vacuum. 1 cu. ft. of water weighed, therefore, 66 lbs. As 
pound, a gold-plated brass weight made by Schaffrinsky was us: 
in the year 1817, was compared in Paris by Humboldt and Ar 
a platinum replica of the kilogram in the Archives. The pound 
vided in 32 lots to 3 quentchen. 100 pounds == 1 hundred w 
the law of May 17, 1856, the “Zollpfund” of 500 grams was 1 
in Prussia for general commerce and thus the relation of wat 
length unit abandoned. The “Zollpfund” was divided in 30 | 
quentchen of 10 cent of 10 grains. 100 lbs 1 hundred 
hundred weight — 1 ship load. Besides the commercial weights 


3) Bessel: Description of the inve ations and rules which were made 1 
1835 to 1838 by the unit of the Prussian measure of length 
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special gold and silver weight, the Prussian Mark, corresponding 
‘of the old Prussian pound or 233.8555 grams. It was divided, 
r sold, into 24 carats of 12 grains, for silver, into 16 lots of 18 grains; 
t had, therefore, for both metals 288 grains. As weight for coinage also 
the Prussian Mark of 288 grains was used. For jewels, the Prussian carat 
was used which was divided, according to the halving system, into 1/64's 
Its value was 205,537 milligrams so that 160 Prussian jewel carats 
equalled nine old Prussian quentchen commercial weight. The Prussian 
Ds thecary pound had 12 ounces of 8 drams of 3 scruples of 20 grains, 
5760 grains. It was equal to 24 lots, equal to 3/4 old commercial 
ight or 350.783 grams. The ounce had 2 lots, the dram 1 old quent 
hen. This enumeration leaves nothing to be desired as regards variety, 
nd yet, here are only mentioned measures and weights of the old pro 
vinces in which the Prussian law of weights and measures of May 16, 
1816 was valid. If also those parts of the country were taken into ac 
count which joined in 1864 and 1866, double the number could easily 
be obtained, especially for the dry measures. 


As in Prussia, so also in the majority of the German states the foot 
was divided into 12 inches of 12 lines the standard unit of length; only 

a few states, as in Wuerttemberg, Baden and the Grand-Duchy of 
Hesse. the decimal division was introduced in the beginning of the 19th 
century. The length of the foot changed from country to country, and 
in some, especially in the Thuringian States, even from place to place 
Rhemish foot 0.31385, Nuerenberg 0.303, Baden, Nassau 0.30000, 
Augsburg 0.29617, Oldenburg 0.29588, Hannover 0.29209, Munich (old 
Bavarian foot) 0.29186, Bremen 0.28935, Hess Electorate 0.28770, Lue 
beck 0.28763, Mecklenburg-Schwerin, Schleswig-Holstein, Hamburg, 
Hohenzollern, Wuertemberg approximately 0.286, Frankfurt-on-Main, 
Hessen-Homburg 0.28461, Kingdom of Saxony 0.28319, Grand-Duchy 
Hesse 0.25000 meters. This tabulation does not claim to be complete 


In the units of areas, generally only the squares of the units of length 
uppeared in addition to the acre. The dry measures show in most cases 
the division by two which, however, is seldom so strictly carried through 
is in Hesse where the “Malder” was fixed to 4 Simmer to 4 Kumpf to 4 
Gescheid to 4 Maesschen, and the Mass equal to 2 bottles to 2 Schoppen; 
n general, accidental conditions prevail corresponding to local usages 

In the measures for mass, the unit was everywhere called the pound 
but this pound had a weight for example: in Prussia of 467.71 grams, 
in Bavaria (Munich pound) of 560 grams, in Bavaria 500, Hannover 
489.57, Hamburg 484.12, Saxony 467.14, Wuerttemberg 467.75, etc. Just 
s different were the subdivisions of the pound, here in 30 lots at 10 
quents to 10 cents to 10 grains, there in 32 lots of 4 quentchen or also in 
4 quadruplets of 8 lots, in 100 quent of 10 overtchen, in 10 lots of 10 
quint, etc., etc. The divisions in two, ten and twelve, and also the old 
sexagesimal division are applied here, but none in actual purity, as is 
the case for the units of length and generally for the units of dry 
measure. 


For science and industry, aside from the metric system, only the old 
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French system and the English system are of interest, in addit 
old German 

The Old French System. In the old French system, th 
du roi) form he unit of length and was, at the same time, t 
mental f 0.324839 meter was divided in 
(pouce) of 12 lines (ligne) of 12 points (point). The unit of 
was the mile (leiue) which existed in dozens of varieties. Th: 

25 au degre) 
to m \ ; ‘gree at the equator. 
mass in the old Fre system was the weight of 
s de marc). The pound (livre) had 2 marcs of 8 ounzes ( 
wr drams (dragmes) of 3 pennies (deniers) or scry 
24 grains (grains), 1.e. 9216 grains or 489.5058 gra 
> unit for the weight of jewels which was maintained y 
e independently besides the metric system, was the carat of 
5.5 milligrams which was subdivided, as in Germany, 
vision by two to 1/64. 

It needs hardly be mentioned that besides the mentioned m 
weights a very great number was still in ,use for special p 
purely local importance 

The English System. The English system of measures at 
ind also the Russian, is based on two fundamental units, th 
length and mass while in the Prussian System all other units 
from the unit of length. It is the oldest system, and goes ba 
origin to the 12th r In the meantime, however, revisi 
been made several times, the replicas especially, have been rep! 
eral times 

The conception valid at the present time of the yard as unit of 
has been given by the law on measures and weights of 1878. A 
to it, the yard is the straight line distance between the center 
gold pins in the bronze rod which according to the law, is to 
the Imperial Standard Yard if the rod has a temperature of ¢ 
bronze rod has a length of 38 inches and a quadratic section of 

Near the ends, a distance of 36 inches between centers, a 
hole of 4% inch diameter is drilled to a depth of 0.5 inch. At tl 
of each hole, a thin cylindrical pin of gold is inserted of about 
diameter, and on the surface of the pin three fine lines are d: 
distance of about 0.01 inch apart at right angles to the axis of 
and two lines the same distance apart parallel to the axis of the 
length of the Imperial-Standard-Yard is represented by the dist 
tween the middle perpendicular line on the one and the middk 
dicular line on the other end 

The subdivisions are the following: 1 yard equals 3 feet of 
of 12 lines. Two yards equal one fathom, 5.5 yards equal 1 rod 
or 100 links or 22 yards equal 1 chain, 40 rods or 200 ya 
1 furlong, 8 furlongs or 1760 yards are one mile. The foot is als 
in quarter, eighth, sixteenth, or in tenths, hundredths, thousandt 

Besides the legal statute mile of 1760 yards, there are still 
measure of distance the London mile, or British mile of 5 


1666 2/3 yards, and the sea mile or English geographical mile 





1929 INSTRUMENTS 
) the German geographical mile—also knot, nautical mile 
it the same time, is the nautical mile of all sea-going nations, and 
of a degree at the equator or 2028.633 yards. Thre | 
» league so that there are also three leagues of differe: 
t of area is the square yard of 9 feet of 144 square 
sg. ft. or 272% sq. ft. are the square rod, 40 square rods ec 
4 ls or 4840 sq. yards. equal one acre of land, 64( 
square mile. 
‘Unit of volume is the cubic yard. It has 2 
The ship register ton has 100 cu. ft. 
The unit of dry measure is derived from the unit of mass 
to the law of measures and weights of 1878, as the 1 
he weight in vacuum of that piece of platinum 
zed by that law as the Imperial Standard-Pound. It is represented by 
vlinder of 1.35 inch height and 1.15 inch diameter. The law of 1878 
states further: 1/16 of the Imperial Standard-Pound is to be one ounce, 
16 of such ounce is to be one dram, and 1/7000 of the Imperial 
Standard-Pound is to be one grain. One stone shall have 14 Imperial 
Standard-Pounds, one hundredweight shall have 
, ton shall be 20 of such hundredweights. 


nit 
UNIT ¢ 
1 1 
hick 
nicn 


1] 


The apothecary weight is regulated by an order in council of August 
14th, 1879. One pound has 16 ounces of 437!/) grains, but accordin; 


y 
ot 


ti 


the British Pharmacopoeia of 1898, also the ounce of 8 drams 
scruples of 20 grains is admissible 

he two original standards are deposited in the Department of Weights 
ind Measures of the Board of Trade. In order to safeguard the system 
in case of inquiry or destruction, four legal replicas (Parliamentary cop 
ies) of same shape and make, were made at the same time, of which on 
‘ach, yard and pound, are kept in the Royal Mint, in the Royal Societ) 
f London, in the Royal Observatory at Greenwich, and 
Westminster castle. Should anything happen to the origin: 
vhich makes their further use doubtful, one of the replic: 
still to be suitable shall take its place, or, the origi 
restored and compared with the replicas 

A check from outside of the system has been created in that, 
year 1895, two replicas of the Imperial-Standard-Yard one rod of bronze 
ind one of platinum-iridium were compared with two replicas 
International Meter prototype, at the Bureau International 
Mesures. Also, in the year 1902 a yard rod was made of the 
shaped section and of the same material (platinum iridium 
ginal metric prototypes, and compared with both the Inte 
Prototype and the Imperial-Standard-Yard. This rox 
length of the yard and that of the meter is indicated anc 
trom the Imperial-‘Standard-Yard at 162/3°C 
drogen Scale of 100 degrees by only + 0.00022 
the real embodiment of the yard. 


» th 
In the 


“The unit of volumetric measurement from which all other volumetri 


asures for both dry and liquid materials are derived shall be the gallon 
It contains 10 Imperial-Standard-Pounds of pure water 


ith brass weights, at a water and air temperature of 62 





Page 346 INSTRUMENTS Oct 


pressure of 30 English inches.” The quart shall be the fourt! 
pint the eighth part of the gallon. Two gallons shall be one peck, 
one bushel, and eight such bushels shall be one quarter and 36 | 
chaldron. When used the measure shall be level full, not hea; 
Others than those named before are no longer admitted in pul 

Special liquid measures are provided for apothecary and medi 
poses the unit for which is the fluid ounce. It contains 437.499 
of pure water at a temperature of 62°F. and an air pressure of 
lish inches. The fluid ounce has 8 fluid drams of 60 minims, 
ounces are one pint, 8 pints or 160 fluid ounces are one gallo: 

Besides the British measures and weights, the metric syste: 
tively admitted by the law of measures and weights of 1897. | 
and for pharmaceutical purposes it is used almost exclusivel 
otherwise found little application 

In the shape given it by the law of 1878 and greatly simplif 
the English system of measures and weights makes, if not a 
logical, yet a very clear impression. It can, however, not bi 
that even today still a great number of provincial and special 
are in use besides the lawful ones, the abolishment of which 
been futile. Very often the illegality in the use of such units 
hidden by giving them a simple ratio to the Imperial-Standard-M 

The American System. The United States of America als 
English System of weights and measures but the progress which 
made in England by the law of 1878 and later was not mad 
While England, in 1898, due to the comparisons made in 1895 
yard and meter, legally fixed the ratio between the two systen 
lish yard = 914.399 millimeters, the United States by law of 
1893, again recognized as sole lawful ratio between American ar 
system the equation introduced by the law of July 28, 1866: 1 A 
yard = 3600/3937 meter. Consequently, the Bureau of Star 
Washington states in its conversion tables published in 1903: 1 A 
yard = 914.4018 millimeters 

Also for the volumetric units the United States have omitted 
sition to the Imperial-Standard-Measures but still uses the old 
measures, namely as dry measure the old Winchester bushel 
English cubic inches. Of the latter, 131 make up 127 Imperial-St 
Bushels. For liquids, the old wine-gallon has been retained. It 
English cubic inches, and 6 American gallons are figured to b 
5 Imperial-Standard-Gallons. For the weights on the contrary, | 
has followed America which from the beginning has used the | 
100 English pounds and correspondingly the ton of 2000 Ibs 
the hundredweight. Also in the States therein exists a strong 
for the introduction of the metric system. 


E. Leitz, Inc. announce that they have opened offices at 
Michigan Ave., Chicago, Ill. and 927 Investment Bldg., W 
Db. cS. 

The St. Louis Motor Valve Company has established a sal 
246 Fifth Ave., New York, N. Y. This office will be in charg 
B. Schellenberg. 
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CHAPTER I. 
INTRODUCTORY. 


IN many cases where physical measurements have to be 
conducted a choice of methods is available, and it is for the 
experimenter to decide which of these is best adapted to his 
particular purpose. His selection will be governed by con- 
siderations of simplicity, directness, and the degree of accuracy 
he requires; he should always avoid a complicated method 
when a simpler one will equally serve his purpose. Let us 
therefore consider what means are available for the problem 
with which we are here concerned, namely, the measurement 
of the speeds of streams of liquids or gases, with particular 
reference to the motion of air along pipes or ducts. A method 
that immediately commends itself from the standpoint of 
simplicity is the introduction into the fluid of some indicator 
such as a small light body, a puff of smoke, or a drop of colour- 
ing matter, which will be carried along by the stream and may 
be timed over a measured distance. Very little consideration 
is however needed to show that the difficulties and disad- 
vantages of this method are such as to render its practical 
application inadmissible, except, perhaps, in a few very special 
instances. The only other direct method that immediately 
suggests itself is to collect and weigh the quantity of fluid 
delivered in a given time, whence the mean speed past any 
section of known area can be calculated if the density of the 
fluid is known. This method, which is often employed for 
the measurement of water flow, is simple and convenient in 
the case of an incompressible fluid whose density is greater 
than that of the medium surrounding the pipe or channel in 
which flow is taking place ; for gases, the experimental diffi- 
culties are serious, and, in the case of air flowing along pipes 
situated in the atmosphere, so great as to render the method 
virtually impracticable. 

Evitor’'s NotE: INSTRUMENTS has secured the American puonitcation rights of “The 
feasurement of Air Flow” by E. Ower. This treatise will be published serially in = 


STRUMENTS, the first installment appearing in this issue. The complete treatise can 
obtained from the INSTRUMENTS’ Book Shelf. 
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It is not intended in this book to deal with the me 
ment of the flow of liquids; this question has already 


fully discussed in numerous treatises on hydraulics, an 
methods employed have been standardised for some time. 
shall here confine attention to the measurement of air 
only, but it should be observed that the methods described wil] 
in general be applicable to the flow of other gases with ver, 
little, if any, modification, except as regards the constants 
occurring in the equations to be derived. For our purpose, 
as we have seen, direct methods are inapplicable, and it js 
therefore necessary to resort to the measurement of some 
physical effect arising from the motion. Three such effects 
have been found by experience to be suitable, namely, pressur 
changes associated with the motion ; mechanical effects, su 
as the rate of rotation induced in light vanes suitably mounted 
in the stream ; and lastly, the rate of cooling of a hot body, 
such as an electrically heated wire, introduced into the air 
current. Of these, the first is of the greatest importance, sinc 
as we shall see later, a properly designed instrument, suitably 
inserted in the stream, experiences a pressure, commonly call d 
the “‘ velocity head,”’ which is entirely ‘characteristic of the 
motion, and can be measured on a suitable pressure gauge. 
If such an instrument is constructed in accordance with certain 
well-established principles, which are fully explained below, its 
constant is known and it may therefore be used without cali- 
bration as a standard for the measurement of air speed. This 
is not true of anemometers * which depend for their action 
either on mechanical or on electrical effects; instruments of 
both these types are subject to individual variations and requiré 
calibration against a standard instrument of the pressure 
measuring type. 

Those instruments of the first class which measure 
velocity head are known as pressure-tube anemometers, an 
are more extensively used in practice than any other type. 
Other devices which involve the measurement of pressure 
differences are orifice plates, Venturi tubes, and nozzles. It 
should be noted, however, that these measure not the velocity 
head, but pressures which depend on the dimensions and form 
of the instruments themselves as well as on the motion of the 
fluid through them. They cannot therefore be used as stan 
dards, but require calibration. 

Mechanical anemometers comprise three main types 
swinging-plate, and vane anemometers The first two of t 


are not of importance to engineers, and no attention be} 

the following brief description will be devoted to them 
* The word ‘“‘ anemometer,’’ as its derivation implies, is a term 

includes all types of instruments used for the measurement of air 
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fhe vane anemometer, on the other hand, which is fully dis- 
cussed in Chapter VII., is a convenient instrument for practical 
use and has a comparatively wide field of application. 

In its most common form the cup anemometer consists of 
four hemispherical cups carried, with their bases vertical, at 
the outer ends of four light arms which are symmetrically dis- 
posed in a horizontal plane and are attached to a central sleeve 
free to rotate about a vertical axis. The cups are arranged in 
pairs so that the concave side of one member of a pair is pre- 
sented to the air current at the same time as the convex side 
of the diametrically opposite cup. At any instant, then, the 
air on one side of the median plane through the vertical axis 
of the instrument will be blowing into the interior of one or 
two cups, and on the other side of this plane on the exterior 
of the opposite cup or cups. Hence, since the aerodynamic 
force on a cup with its concave side presented to the wind is 
greater than when the wind is blowing on its convex face, 
rotation will ensue at a rate depending on the wind speed. 
Instruments of this type are bulky and not easily portable ; 
they are chiefly used in meteorological work. 

The swinging-plate anemometer consists of a vertical plate, 
suspended on knife edges, which deflects under the action of a 
wind to such an angle that the restoring torque due to the weight 
of the plate is equal to the wind torque. The angle of inclina- 
tion may therefore be taken as a measure of the air speed. 
Alternatively, the plate may be mounted on a torsion wire 
passing through an asymmetric vertical axis; in this case 
there will be a relation between the wind speed and the amount 
of twist of the wire necessary to bring the plate into normal 
presentation to the wind. 

Electrical or hot-wire anemometers have not hitherto been 
very extensively utilised, although certain types have been 
developed for industrialapplication. The chief factor militating 
against their wider use would appear to be the more elaborate 
apparatus and manipulation that they entail. As laboratory 
instruments, they may be made to give excellent results, and 
they are, in particular, well suited to the measurement of low 
air speeds, a purpose for which they may be designed to have 
a considerably more open scale than is possible with pressure- 
tube anemometers. 


CHAPTER II. 


GENERAL PRINCIPLES OF THE PRESSURE-TUBE 
ANEMOMETER, 
A. PRACTICAL CONSIDERATIONS, 


ALTHOUGH theoretical analysis is always necessary for the 
complete elucidation of natural phenomena, it is useful to 
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consider also the practical aspects, in order to enable the p 
meaning of the symbols and equations occurring in the a 
to be fully interpreted. For this reason an attempt will! 
in the first part of the present chapter to explain from a pr 
standpoint the principles upon which the action of the pr 
tube anemometer depends. It must not be supposed, hx 
that the following remarks are intended to convey a1 
more than a rough mental picture of what occurs. | 
material considerations, which must be included in a co 
discussion of the subject, have been neglected for the pl 
the more theoretical treatment being reserved for a late: 
The natural starting-point is the consideration of th: 
sures that exist in a moving fluid, and it is in the con 
of these that a good deal of confusion exists amongst p1 
engineers. For convenience, the pressure of the undist 
atmosphere—the barometric pressure obtaining at th: 
and place of measurement—is usually taken as the datu 
zero pressure, and all pressures are expressed in terms 
number of units (usually in England inches of water) by 
they exceed or fall short of this arbitrary datum. It { 
that pressures less than atmospheric will be recorded as n 
pressures, but it must be remembered that such pressur: 
actually positive: the true zero of pressure is, of course, tl 
absolute vacuum, and it is not possible to conceive of a pri 
less than this. Except where otherwise stated the custon 


convention regarding the use of the atmospheric pressur 
datum will be followed in this book, so that it will someti: 
be necessary to refer to negative pressures ; if the above re: 
are borne in mind, however, no confusion will arise. 


It is well known tnat at any point in a stationary fl 
definite hydrostatic pressure exists which acts equally 
directions. If now this fluid is set in uniform, unacceler 
motion, the hydrostatic pressure will still persist althoug! 
actual magnitude may be changed, and if we imagin 
smail thin plane area placed at any point in the fluid, and moi 
with it, this “ static’ pressure, as it is called, will act o1 
two faces of the plane. Let us assume that there is ; 
tinuous stream of the fluid in movement, and that the n 
is uniform and does not vary with time, so that at any 
perpendicular to the current the conditions are constant 
instead of moving with the fluid, the small area remains st 
ary at a point in the section under consideration, and if, 
over, the area is held with its plane parallel to the direct 
motion, it is clear that the pressure acting on the tw 
will be the static pressure existing at that point in the s 
of the fluid, provided that the presence of the plane d 
disturb the conditions of flow. 
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Let us now consider what occurs if the area is rotated so 
that the stream impinges normally on one face ; when the area 
moves with the stream, it will again be acted upon by the static 
pressure only, but if it is held stationary at a given point its 
front face will experience the static pressure and an additional 
pressure arising from the impact of the moving stream. It is 
important to observe that this additional impact pressure is 
entirely characteristic of the motion, depending, as it does, for 
a plane area of given size, on the speed and density of the fluid 
only, so that it can be utilised as a measure of the speed. 

It appears therefore that if the plane is placed normally 
to the stream, so that the forward motion of the fluid impinging 
on it is arrested, the pressure exerted will be the sum of the 
static and the impact pressures at the point in the fluid at which 
the plane is situated ; whereas if the plane is placed so that the 
fluid streams past it without disturbance the static pressure 
only is experienced. Suppose now that the imaginary plane 
area is replaced by an open-ended tube of small bore bent to 
face the stream, and that the other end of the tube is connected 
to one limb of a simple U-tube pressure gauge, the other limb 
of which is open to the atmosphere. The forward motion of 
the fluid impinging on the open end of the tube will again be 
arrested, and the pressure gauge will record the sum of the im- 
pact and static pressures, or the “ total head ”’ as it is commonly 
called (see Fig. 1). It is found by experiment (see below) that 








| Direction of Fiow’ 
[ 

















Fic. I.—Measurement of total head. 


the impact pressure measured by a facing tube is, within wide 
limits, unaffected by the shape and size of the tube, and is, 
in fact, equal to the “‘ velocity head” or ‘‘ velocity pressure ”’ 
to which reference has already been made in Chapter I. The 
relation that exists between this pressure and the density and 
velocity of the fluid will be derived in the second part of the 
present chapter ; at this stage it is sufficient to observe that the 
velocity head is a function of the motion only. 

We see therefore that whereas the velocity head is uniquely 





Page 352 INSTRUMENTS Oct 


determined by the speed * of the fluid, the static pres 
not ; it follows that the total head in the same fluid may 
two different sets of conditions, be different althou; 
speed in each case may be the same, so that, in order to 
mine the speed, it is necessary to measure both total 
and static pressure, since the velocity head cannot be ob 
separately. 

As an example of two instances in which a fluid mo 
the same speed but gives different values of the total hea 
may consider the case of air which is being moved ; 
given pipe by means of a fan. It is clear that the air m 
made to travel at the same speed whether the fan is blow 
exhausting down the pipe, and the velocity head will 
same in the two cases. The static pressure in the pipe 
the fan is blowing, however, will be higher than atmospher 
and lower when the fan is exhausting, so that the total 


under the former condition will be higher than that und 
latter. 

Reverting now to a consideration of the open-ended 
facing an air stream, we see that the pressure gauge to whic! 
it is connected will indicate the sum of the velocity and s 
pressures of the air at the mouth of the tube. If, diueeio 
the other side of the gauge is connected to a tube or aie 
device which in some manner measures the static pressure, the 
reading of the gauge will be equal to the difference between t! 
pressures acting on the two sides, i.e. to the velocity pressure, 
and will thus serve directly to determine the air speed. 

It is upon this principle that all pressure-tube anemometers 
depend. For the measurement of the total head, any form 
of open- -ended tube facing upstream will be reliable, but som 
care is necessary in the design of the device for measuring the 
static pressure. The important condition to be observed 
that, in the region where the static pressure is measured, the 
air must not have a velocity component perpendicular to its 
original direction of motion before the tube was inserted ; 1 
other words, any device for measuring static pressure will g 
erroneous results if it deflects the air to any appreciable extent. 
The design of static pressure tubes is fully discussed in the next 
chapter ; at this stage it is sufficient to note that it is, in fact, 
possible to make a static tube which measures the static pres- 
sure to a degree of accuracy well within practical requirements 
Such a tube, suitably used in conjuction with a facing or total 
head tube constitutes a complete pressure-tube anemomete! 
which does not require calibration, save in exceptional cases, 
and therefore serves normally as a fundamental standard in- 

* We shall, for simplicity, neglect in this section the effect of 
tions in density, which is small under conditions usually occur! 
air speed measurements. 


l¢ 


1S 
l 
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strument for the measurement of air speed. 

Anemometers of this nature are extensively used in practice. 
The only disadvantage inherent in this method of measure- 
ment is that the velocity pressure corresponding to low air 
speed is small: a speed of 20 feet per second, for example, 
only produces a pressure of about 0-09 inch of water. It 
follows, therefore, that sensitive pressure gauges or “ mano- 
meters ’’ are necessary for the measurement of low speeds. 
In fact, for air speeds below about 15 feet per second it is often 
advisable to use some other measuring device, such as the vane 
anemometer, the orifice plate or Venturi tube, or, in some 
cases, the hot-wire anemometer. 

B. ELEMENTARY THEORETICAL CONSIDERATIONS. 


In general, the theoretical treatment of problems of fluid 
motion is extremely complex and demands intricate mathe- 
matical analysis, so that only in a few isolated instances of 
simple motions have theoretical solutions hitherto been found. 
It is, however, often possible, by the introduction of simplifying 
assumptions, and with the assistance of experimental research, 
to deduce relationships, sufficiently accurate for most purposes, 
between the various properties of the fluid that govern its 
motion. Such methods have been found to be especially 
fruitful in the treatment of the flow of liquids and gases in 
pipes—the particular type of fluid motion with which we are 
here mainly concerned. 

Attempts to visualise conditions of flow are aided by the 
introduction of the conception of “‘ stream lines.’’ In any mass 
of moving fluid we assume the field to be mapped out by a 
system of lines such that the direction of one of these lines at 
any point coincides with the direction of motion of the particle 
of fluid situated at the chosen point at the instant under con- 
sideration. The stream lines wiil thus give an instantaneous 
picture of the flow at any moment. If the flow is unsteady, 
so that it varies with time, this picture will change from instant 
to instant ; it may, in the case of periodic motion, undergo a 
series of changes which recur at regular intervals. For steady 
flow, on the other hand, the stream lines will preserve their 
configuration unchanged at all instants, and will show the 
actual paths of individual particles of the fluid. This type 
of motion is known as “‘ stream-line’’ motion, the unsteady 
variety being termed “‘ turbulent ’’ flow. As we shall see later, 
both types of flow are possible in pipes, although in practice the 
latter type occurs by far the more frequently. 

A complete mathematical analysis of a case of fluid motion 
must take into account all the properties of the fluid that 
influence the flow. It would, however, appear to be justifiable 
to neglect certain of these properties if the treatment can 
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thereby be appreciably simplified and if, at the same 
it can be shown that the results apply sufficiently clos: 
actual conditions. Comparison with observation has 
that a certain law, which is of fundamental importance i 
flow in pipes, may be simply deduced by neglecting the vis 
of the fluid, i.e. by assuming that no frictional forces « 
between adjacent particles of the fluid. or between the 
and any solid boundaries with which it is in contact. A { 
of this type is called an inviscid or perfect fluid, and th: 
in question is named after Bernouilli, by whom it was 
stated in 1738. It may be derived in the following manne: 

Let ABCD (Fig. 2) represent a longitudinal median se: 
through a tube of fluid bounded by stream lines. (Such a t 
is termed a stream tube, and AB and CD are two of the bou 
ing stream lines.) For steady motion, the boundaries of 
stream tube will preserve a constant shape, although the actua 
fluid in the tube will be continually changing. 

Consider a small element PORS of the tube of length d 
which is so small that the elements PS and OR of the str um 
lines may be considered as straight lines. If v and f ar 
spectively the speed and pressure across the section PO, w 
may, since ds is small, write v + dv and p + dp for the corr 





sponding 
small. 
Let a = area of section PQ, 
A = weight of unit volume of liquid, 
g = acceleration due to gravity, 
dh == difference of level between the centres of ar 
PO and RS. 

If second order quantities are neglected, the resultant | 
along the axis of the tube due to the pressure on the faces of 
element can be shown to be equal to adp, acting in the dir 
opposite to that of the motion. To this must be added the 
acting in the same direction due to the weight of the flu 
the element PORS. The latter force is equal to dadh a 
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on PO and is zero on RS, the resultant being Jadh, The sum 
of these forces is equal to the rate of change of momentum 
ugh the element. The mass of fluid entering per second 
 ] 


\ 


ee A , 
across PQ is given by — av, and, since PS and OR are stream 


6 


: oe A 
lines, the mass leaving at RS is also —av, so that the change of 
& 


_— ob aeassl ; 
momentum per second is — avdzv, in the direction of motion. 


oO 
5 
We therefore have the equation 


4 avav --- adp ~ Aadh, 


+ dp +- Adh ke x ‘ - (3) 


Ja. 
The quantity — 1s usually denoted by p, so that (1) may be 
4 
written 


dp | 


vdv +— + gdh = 0. 


On integration this equation becomes 


2 


d 
—-+ gh + |“ = constant = C, 
p 


4 
¢ 


2 


which applies to all sections of a given stream tube. The 
quantity / may be taken as the height of the section measured 
above any arbitrary datum. An alteration in the datum level 
will merely involve an alteration in the value of C for the stream 
tube. When the stream tube becomes infinitely narrow it 
may be considered as forming a stream line, and we may there- 
fore say that equation (2) gives the relation between pressure 
and velocity along a stream line. 

If the flow is horizontal, the datum level may be taken as 
being that of the stream line itself, and 4 becomes zero. In 
practice, when dealing with the flow of air it is almost invariably 
found that the quantity gh is negligibly small in comparison 
with the sum of the other two terms of equation (2), so that the 
simplified form of this equation, viz., 


Ee 
p 
which is strictly only applicable to the case of horizontal flow, 


may generally be used without appreciable error. In the 


following treatment we shall therefore not consider differences 
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of level. 
A further simplification can generally be made, na 
to treat the fluid as incompressible, so that p is constant a1 


becomes tov? ++ p=C, 


which is Bernouilli’s equation in the form most comn 
used in practical work. For air, the effect of compressil 
can be neglected up to speeds of about 200 feet per secon 
that (4) holds for all conditions ordinarily encountered. 

On consideration it will be seen that both terms occu: 
on the left-hand side of (4) have the dimensions of forc« 
unit area, i.e. of a pressure ; the first term is the quantity 
have called the velocity head, the second is the static pres 
and the sum of the two is the total head. Bernouilli’s equat 
is therefore equivalent to the statement that the total | 
along a stream line is constant. This equation has been 
rived on the assumption that the flow is frictionless, but 
can be shown that it holds also for the stream line flow 
viscous fluid. Further, experiments indicate that it can 
applied with good accuracy in many cases of turbulent flow 
actual fluids. 

We may now consider the behaviour of the facing tul 
in the light of Bernouilli’s equation. Ifa stream line is brou 
to rest by causing it to impinge on a small obstacle introdu 
into the fluid, the pressure p, acting on the obstacle will 
the latter be assumed to be so small as to affect the one strea1 
line only, be equal to the total head at that point in the fr 
stream before the obstacle was introduced, 1.e., 


pi bpUy" I Po 


where @ and fp are respectively the velocity and static pre 
at the point in the unobstructed stream. 

This pressure ~, will be the pressure acting at the moutl 
of an open ended tube facing the stream. Theoretically 
is only true if (a) the tube is so narrow that one stream 
only is brought to rest, (b) flow through the tube is prevent 
as it is if the other end is connected to a manometer, ( 
effects of viscosity on the action of the tube can be neglect 
and (d) the tube does not disturb the flow. Of these, « 
dition (b) is the only one which can be definitely fulfilled, 
the fact that a tube of finite size facing the air current 
actually measure the total head rests not upon a rati 
theoretical basis but upon a large amount of carefully obta 
experimental evidence. Such experiments show beyond di 
that the total head is accurately measured by a facing t 
even in turbulent flow, and further that, provided it ha 
orifice facing upstream, variations in the size and shape ot 
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tube within wide limits are not accompanied by any errors ir: 
the readings. As regards the effect of viscosity, experiments 
by Miss Barker * have demonstrated that this can be neglected 
except for very small tubes working at very low speeds, outside 
the range ordinarily encountered in practice. It seems there- 
fore that the facing tube will give an accurate reading of /, 
under practical conditions, although theoretically this result 
could only be expected for the stream-line flow of a perfect 
inviscid fluid with an infinitely small tube. 

Now we see from (5) that f,, the total head at the point 
occupied by the mouth of the facing tube, is equal to the sum 
of the velocity head and the static pressure in the undisturbed 
flow at that point. If therefore f) is measured by a properly 
designed static pressure tube connected to the other side of 
the same manometer to which the total head tube is connected, 
the resultant pressure R indicated by the manometer is given 
by 

pi Po bP", . . - (0) 
from which vy, can be calculated. Details of the method of 
calculation are given in Chapter V. 

Reading of a Total Head Tube at High Speeds. 
rhe equation just derived for the pressure at the mouth of a 
total head tube is strictly valid only when the fluid is incompres- 
sible, but we shall see immediately that it applies with sufficient 
accuracy for most practical cases of air flow. The general 
equation which takes account of compressibility, that is, changes 
of density with pressure, may be obtained as follows. 

Before the total head tube is inserted into the stream the 
pressure and velocity are related according to equation (3), 
viz., 


(7) 


(= 
Po 


When the tube is inserted we assume that the velocity at the 
mouth is reduced to zero and the pressure becomes pr. so that, 
by application of Bernouilli’s theorem, 


dp, . 
—=+=ULU. ‘ : , , 8 
\" (3) 


We may now equate the left-hand sides of (7) and (8) and thus 


obtain 
es (4 (9) 
Po P} 

* Proc. Roy. Soc., 1922, vol. 1o1, A., p. 435. 

+ For air at ordinary temperatures and pressures, viscosity effects 
on the total head tube may be neglected, provided that the product 
vd is greater than o-o1, where v is the air speed in feet per second and d 
the diameter of the tube in feet. 


? 
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The assumption, which appears to be justified by experim 
evidence, is now made that pressure changes are suffici: 
py Po 


K, where y for 
Pry — Po” ; 
0 


rapid to be adiabatic, so that 


air has the value 1-408. 
Hence, from (9) 
Yo" 4 Ky (<2 0 Ky 3 i. 


Poy * Pry 


> 


\ 


. . . . . 0 na 
which, on integration and substitution of ( ) for K, reduce 
Poy’ 


py; | amet Po Vo" ee 
Po y Po 2 


Expanding by the binominal theorem we obtain 


9) 2 2 9) 4 3 9) 6 
py Po Yo I po Vo } Po® Vo° 


Po Po 2 yp.” 8 y' aie po’ 48 


or 


Pi = Po 


poo’ 5 4 Po U9" ; (2 - Y)Po” Vo" 
2 —YPo 4 y"po” 24 


| 


Now dp, the velocity of sound in air at pressure #, and density 


| yo 


Po 


Po» is equal to \ 


Hence (10) may be written 


L Povo’ | Pe. Up” Ry a Uo" | 

Pi = Po “9 le 4 ay? a ‘a.’ °° *f 
which is the general expression for the pressure at the m« 
of a total head tube. 

For air at ordinary temperatures and pressures a) ma\ 
taken as roughly 1100 feet per second, and it is then easy to 
see from (II) that vg may be as high as 200 feet per seco! 
before the second term in the expansion becomes equal to 0:01 
Hence for all speeds below this the second and subsequent tern 
may be neglected and the ordinary form of (II), viz., 

Pi = fo + 4Pov0’, 
may beemployed. For very high speeds, exceeding the velocity 
of sound, Rayleigh * and Stanton + have shown that (11) re- 
quires modification on account of the effects of statio. 
waves, but this point is outside the scope of the present v 


* Proc. Roy. Soc., A., 1910, vol, 84. + Ibid., 1926, vol. 111 
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New Xacto Meters 


HE importance ol 
cession Of precisio! 
measuring and rec 


nt contributior 


olumetric, 


effective 


, 
outstanding fe 


ve different pipe line sizes ranging 
an hour to 12,000 gall yns an hour 
-is guaranteed to measure accurately withir 
irious departments of weights and measures 
Since its entrance to these many 

it in services other than thos« 

r which the original meter was not 
extraordinary, research work was started to 
levice t 


» meet these demands 

le most recent developments ilong these 

1a One Quantity Pre-Determined Mete: 

The Xacto Meter Barrelling Unit, as its name 
d 


iquids. It automatically measures 


records and discl 
jetermined quantities. The standard quantities are 
hese three quantities fill the needs for most o 
led they can be changed to 
unit to compensate 


7 
Lalions 
perations where liquids are 
meet individual conditions. Provisions 
varying specin travitie 


are mi 
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liquids being handled. The temperature calculation is based on an exa 
at 60 degrees I 


The rat f harg approximately 


operator to fill approximately fifty 30 gallon packages, thirty-five 50 


a 
ages or thirty 55 gallon packages ne hour with an extreme deg 


curacy 

A counter arrangement records the number of packages filled to 10 
automatically repeats 

The meter is built into this unit as the measuring and recording 
accounts for the extreme degree of accuracy obtained 

The One-Quantity Pre-Determined Xactometer is the ot! 
original meter. It is an automatic measuring device for repeatedly 
discharging and recording one fixed, pre-determined quantity of li 
constructed in both a direct control and a remote control type. W! 
cases the diquid is handled with pump pressure the meter is designed 
will operate satisfactorily with either pump or gravity pressure 

One of the particular applications of this model is measuring pre 
quantities of gasoline, lubricating oil and light greases into tanks, crank 


1e! adaptati 


transmissions of automobiles on assembly lines 
a 


Practically all commercial liquids with the exception of acids can bi 
in all of these devices. 

Their perfection has been one more contribution to those instrument 
curacy that are enabling the industrial and scientific world 


continuous mz | progress 





INSTRUMENTS 


Quartz Spectrograph, Model L251 


Littrow Auto Collimating Type 


(Gaertner Scientific Corporation) 


HIS instrument is suitable for photographing the emission and ab 
T rption spectra in the visible and ultra violet regions from 205 # # 
9) # # or beyond. The instrument is made of metal throughout and 
ntire body is mounted on a substantial cast-iron base. Special atten 
given in the design and construction to assure convenience 1n 


pulation and long continued service. 














The plate holder with slide is made of hard brass, the plate holder 
over is made of magnalium, a very strong and light alloy. The seat for 
the photographic plate and the cover are shaped to the correct focal 
urve, thus giving the plate the necessary bend. This feature together 
with the carefully designed optical system of special large aperture, re- 
sults in obtaining spectrograms of excellent definition and with great 
photographic speed. The photographic plate is 10x2% inches, about 0.04 
nch thick, which size has proven very desirable and has become standard 
vith the larger plate manufacturers. A wider plate when bent in the 
plate holder has been found bulges in the middle. From 10 to 15 ex 
posures may be obtained on one plate. The setting of the successive ex 
posures is readily accomplished by a coarse screw in connection with a 
millimeter scale and index. Collimator and camera lenses are made of 
quartz 50 mm. aperture and 625 mm. focal length 

The dispersing system consists of a Cornu type prism 40 mm. high 
with faces 65 mm. long. The slit is of the bilateral type with jaws 18 mm. 
long, made of stainless steel, highly polished, is fitted with a micrometer 
head and with a slide for varying the length and one for photographing 
omparison spectra. 

The model L251a spectrograph is in every respect the same as L251 
with the exception that a wavelength scale individually ruled is provided 
with the instrument. By merely turning the lever, contact prints of the 
scale are made adjacent to the spectrum. A small electric lamp suitably 
mounted, provides the necessary illumination for the wavelength scale 
which is automatically switched on when the scale comes in contact with 
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the plate. This feature eliminates any possibility of accidental] 
the plate. Time required for the wavelength scale print is al 


SEC( nds 


Quartz Spectrograph, Model L253 
(Gaertner Scientific Corporation) 


HIS form of spectrograph, while not inconveniently large, 

a high resolving power and intensity in the visible and ultr 
regions. The instrument is constructed entirely of metal, thus 
permanency of adjustment under any climatic conditions. It is 1 
on a heavy iron base, two meters long and covered with a st 
having convenient openings to give access to the optical parts. 7 
persion is three times that of L251 and gives the entire spx 
three sections from 210 # # to 800 # # on 10x2% inch ph 
plates. Three plate holders are furnished with the instrument « 
which is fitted with a seat and cover for the photographic plat 
to the corresponding focal curve. This feature results in excellent 
tion throughout the entire spectrum. 





Be: 











The slit is of the new bilateral type, fitted with micrometer | 
is also fitted with slides, one for varying the length of slit and 
photographing comparison spectra. The jaws are 18 mm. long, 
of stainless steel, and highly polished. The light entering the slit 
down the axis by a total reflecting prism of quartz and is collimat 
a quartz lens of 70 mm. aperture, and 1700 mm. focal length, a: 
verses a 30° prism of quartz, of face 100 mm. long, 57 mm. high 
on the back with tinfoil amalgam. The rays strike this reflecti: 
nearly normally and so return along the axis of the instrument, th 
focusing an image on the photographic plate. At the same time the 1 
tional properties of the quartz are compensated by traversing lens 
prism in two directions. The arrangement is thus equivalent to a s; 
graph of the usual type, with similarly dimensioned optical parts 
a 60° Cornu prism. 

The setting of the lens and prism for the appropriate section 
spectrum is effected automatically by turning a lever. The plate is 
for successive exposures by means of a coarse pitch screw. 
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New Slow Combustion Pipette 
(Burrell Technical Supply Co.) 


HE slow combustion method is now generally employed in gas anal 

vsis for determining certain combustible constituents such as methane, 
thane and hydrogen. 

The conventional slow combustion pipette consists of a glass shell 
losed at the bottom with a rubber stopper through which are passed 
two glass tubes supporting a platinum ignition coil at the 
top. The glass tubes may be sealed at the bottom with 
platinum wire through the seal and the tubes filled with 
mercury to establish electrical contact with the coil. Or the 
tubes may be sealed at the top with wire running up 
through the length of the tube and out through the top 
seal with the ignition coil attached to the wire ends 

Either of these older types has a number of disadvan 
tages. Should the coil burn out in the midst of an analysis 
the sample must be discarded, the pipette removed and 
repaired and a new sample started. The plain coil without 
support will sag and get out of line when heated and may 
fuse together and burn through easily should adjacent 
coils touch. The coil sometimes gets loose at the contacts 

itating removal of the pipette for repairs. Also the 
operator may unintentionally heat the coil to the fusing 
point at the start of the combustion by allowing too much 
unburned gas to accumulate in the top of the pipette 

The Burrell dual-ignition slow combustion pipette em 
ploys an outer shell of Pyrex glass with a single electrode 
through the bottom stopper supporting two ignition cart 
ridges. The cartridges are placed about 1/16 inch apart 
and directly below the capillary opening. The ignition 
cartridges are novel and have proved highly efficient. The 
exact amount and size of platinum wire is wound on a 
small solid refractory rod. The wire passes through holes 
in the ends of the rod and is beaded against the rod at 
each end in the form of a small solid ball of platinum. 

Three special metal wires pass up through the center 
electrode. These wires are sealed gas tight through the 
glass and are bent as shown to support the cartridges. One of the wires 
is common to both cartridges while the other two are on separate circuits 
The cartridges are snapped in place and are tightly held by the spring 
action of the wire. The contact never gets overly hot due to the balls of 
platinum on the ends of the coil. 

The circuit includes a small transformer for supplying low voltage 
current, a specially designed small rheostat for adjusting the temperature 
of the ignition coil and a three-way toggle switch. 

To operate, the switch is thrown to the right or left whereupon one 
of the coils heats up. The temperature 1s adjusted by means of the rheo- 
stat and the combustion operation carried out as usual. 
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The refractory he new Burrell dual-ignition slow con 
> gets hot and aids the combustion operation materially. It 
een found that the refractory absorbs any sudden surges of heat 
he flame reaching the coil. Ordinarily, the coil may burn throug] 
such conditions. 

The new Burrell! dual-ignition slow combustion pipette can be i1 
on any type of gas analysis apparatus. It can be used either wit! 
or mercury. The coils are supported in a fixed position and can: 
or get out of line. Should one coil burn out in the midst of an ar 
the toggle switch is thrown to the opposite side and the other c 
into action immediately. The sample is saved and the operator 


place the damaged coil at his convenience. 


Spencer Lecture Table Delineascope 


(Spencer Lens Company) 


HIS new unique instrument more nearly fills the need of t 
ture room than any other type of lantern. The slide lies hi 


tally on top of the Delineascope, exposed to permit pointing to a1 
of it. Objects in fluids in open glass dishes’ may be likewise p1 


The instrument is 14” long by 5” wide by 23” high. The up: 
supporting the objective and the mirror above it arises 15” abov 
body of the instrument. The lengthened base at the back of the 11 
ment stabilizes the effect of the unusual height. The table on wv 
the slide rests is long enough to hold three slides. The lampho 
hinged at the back for the convenient exchange of bulbs. The inst 
ment is equipped with a 500 watt, 115 volt monoplane filament 
in precentered socket. There is a reflector back of the bulb. A n 
is placed between the condensing lenses to reflect the horizontal 
of light vertically through the slide objective, etc. 

The projected picture illustrated in Figure 2 was made with 
jective of 61” focus. The 5/2” objective will project a pictur 
nearly filling the screen at the same distance. Objectives up to | 
length may be used on this instrument making it available for th 
majority of projection requirements. 
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New Electric Time Switch 


(R. W. Cramer & Company, Inc.) 


HE illustration shows the ZMO type single throw self-winding time 
{* witch. The main switch is motor operated, double break, quick acting, 
nated brush contacts with substantial arcing tips. The entire 
witcn operates ina bath of circuit-breaker oil, to maintain long contact 
inder these heavy !oads. These contacts are 
load at rat 


( 


plus 25% ove 
The electric 

is used 1n 

it 1s of 


l¢ 
VOLT, 





rrequency 

without adjustment, 
“Universal.” 

much as 2 


upon its de] 


winding 
cision-cut 
pinions; 


brass 





process insuring perfect all 





1 , 
and finish of the hearings 

1 
jewel lever escapement (this en 


hange: > aaa 





tire unit Deing inter 
all Sauter self-winding clocks). Brequet hairspring, Invar metal balan 
wheel (unaffected by fluctuations in temperature); 4-day mains 
wound automatically by electric motor twice every 
clock to exactly its “fully-wound” position) ; positive 
ical release precluding all danger of over-winding 
When desired this clock can be furnished 
wutomatically causing the time switch to suspend 
seventh day. 


The toggle switch control contact is operated by 24-hour dial 


tact being used only to close the electrical winding circuit, the opening of 
] 


this 20-watt circuit being accomplished from position-control wipin 
tacts on rotary main-switch-shaft. (Hence no possibility of 


mn” and “off” operations. ) 
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A single 24-hour dial serves both for time setting and for pro 
ting. Where it is desired to have the operations conform to a 
schedule the plain dial is recommended. For lighting circuits, o 
night schedule, the astronomic dial is extremely valuable, as it aut 
ally resets the daily operations to conform to local sun time ( 
dawn or both) 
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New DF-1 Level Flight and 
Altitude Indicator 


(American Paulin System, Inc.) 


Petes of perc instrument has been developed to meet a new 


standard of precision in aircraft altimeters. This is the Paulin level 
| 


it and altitude indicator, which enables the pilot to maintain level 
tht at accurately known altitudes (to which the indicator is set before 


ving the ground) always 

Its development for the market followed such severe tests as those ac 
corded by the flight to Australia by Kingsford-Smith; the blind flying in 
the record breaking coast-to-coast hop by Captain Hawks, and further 
demonstrations by such trial blazers as Parker Cramer 

It is claimed for this indicator that it brings into the field of aero 
nautics the same precise accuracy in the determination of altitudes, which 
engineers and surveyors have used to determine accurate—not approxi 
mate—elevations on the ground 

The aviator may “set” the recording instrument before leaving the 
ground, to the exact elevation at which he desires to fly. Through day 
fog or night blackness this indicator becomes the eyes of the ship. Vis! 
bility blanked, distances distorted or landmarks erased, the level flight 
und altitude indicator enables the flyer to proceed at regulation speed 
upon a predetermined level course. 

So sensitively tuned that variances of less than 10 feet are indicated 
it a glance, this instrument is of special value to the military or pro 
fessional air photographer. In aerial photography a given landscape is 
charted by flying over the scene in paralleling course several times. As 
developed the prints are trimmed and lapped to match up at the sides 
so as to complete a composite air-view of the topography 

The importance of accurate level flight in such work, to avoid distor 
tion and to emphasize proportion of detail upon an equalized scale is of 
utmost importance. Now that the aviator may fly back and forth across 
the terrain with precision of altitude the pictures obtained should de 
pict with precise accuracy the ground detail 

It establishes a new technique in aerial surveying and every ground 
contour is reproduced upon the identical scale. Entire States are being 
resurveyed from the air. Wisconsin is one of the latest to undertake 
the work. And it is reported that they are finding unheard of lakes: 
islands which were lost, and inaccuracies in lake boundaries. Geologists 
and mining engineers are joining in the usages of the new device 

In the business of everyday flying where precise altitude information 
is an important factor, as in aerial mapping and cross country flying, 
exploration, etc., the Paulin level flight and altitude indicator is per 
forming with consistent dependability and unerring accuracy 

The new instrument is most efficient, easy to read by day or night. It 
can be installed upon any plane on practically any instrument board. It 
is as valuabie to the sports flier in his single seater, as to the operator of 
the major transport lines. 
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In daytime, when cloud banks lower the ceiling, or when st 
mand a change of altitude, the Paulin instrument proves its out 
importance in aerial navigation. Its extreme sensitiveness al 
pilot to drop down to a safe altitude for observation with full « 
that his altimeter is ieidicstinn that drop, foot by foot, without 
the overcoming of this “lag” that has attracted the attentio 
dustry to this new indicator 

By actual test, a ship has demonstrated that it can dive 1,0 
feet, level off, and find that the Paulin indicator steadies itself at t 
elevation immediately, a performance not matched 

The luminous dials of the indicator at night becomes the “ey: 
ship.” With visability blanked by a wall of darkness, distances 
landmarks erased, the Paulin level flight and altitude indicator 
the safety flier on a level course clear of all earthly obstruct 
along the lane of most favorable weather 

As the ship gains or loses a few feet in altitude, these varia 
immediately indicated to the pilot. This immediate responsiven 
ways dependable. With the compass as directional guide; and 
strument as an altitude guide, straight flying is assured. 

The Paulin discovery as assembled for practical uses 
strument becomes a step of revelation in the rapidity of the ad\y 
scientific development toward safety in flight 

The experimental era in aerial transportation is passing. That 
mitted. Passenger, express and mi - planes fly the airways day ar 
linking cities, shattering time. . Schedules demand de partures 
Rapid increase in passenger traffic calls for “trains” of planes 
same route, bound for the same destination. Regulation of traff: 
air is of vital importance. The right of way of the air-ways betw 
points must be laid in lanes finely determined by altitude to insur 

In darkness, storm or obscure weather, the Paulin level _— 
titude indicator is there to guide the pilot safely at a set al itu 
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Minot Simplified Automatic 
Rotary Microtome 


ODIFICATIONS of the Standard Rotary Micro- 
tome sponsored by the late Dr. Charles S. Minot 
of Harvard University consist of the essential features 
of the type made by the International Instrument 


Company and approved by Dr. F. B. Mallory of the 
same institution. 


Four of its outstanding features are: 


1. The Universal ball and socket specimen 
clamp with one screw only for prime rig- 
idity. 

. The vertical and horizontal bearings are 
fitted with high grade steel inserts, con- 
tacted by screws conveniently placed to 
provide means for taking up wear when 
necessary. 


. A cog wheel of steel feeds two microns 
at a time. 


. The base is very heavy to give great sta- 
bility in use. 


Write for complete information 
on this model. 


Bausch & Lomb Optical Co. 


637 St. Paul St. Rochester, N. Y. 
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INSTRUMENTS BOOK SHEL! 


The books reviewed in this section can be supplied by Instruments Book Shelf, Ins 
Publishing Company, Pittsburgh, Pa. 








STANDARDS AND STANDARDIZATION. Norman F. Harriman. McG 
Book Co., Inc., New York, N. Y. First Edition, 1929. 265 
figs. Price $3.00 Postpaid 

REVIEWED BY W. H. BoYyNTON 


Roan dardieat 


“ir 

A MANUAL OF FIRE ASSAYING. Charles Herman Fulton and \ 

Sharwood. McGraw Hill Book Co., Inc., New York, N. Y. 2¢ 

59 figs., 58 tables. Third Edition. Price $3.00 Postpaid 
REVIEWED BY W. H. BoYyNTON 


i Prof. Fultor 


ROENTGENOGRAPHIE DES EISENS UND SEINER LEGIERUNGEN. | 
burger. Ferdinand Enke, Stuttgart, 1928. Paper, 6/2 x 10, 124 
Price 3.75 RM. 

REVIEWED BY RICHARD RIMBACH 


1 
t mater 8 
eta materia 


I } 


Dre WAERMEBILANZ DES DIESELMOTORS. Messtechnische Prob! 
Stauss. Verlag von Wilhelm Knapp, Halle, 1929. Paper, 7 
6x9. Price 2 RM. 

REVIEWED BY MAX HARTENHEIM 


t practically a heat | } s of ir 
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ACCURACY 
-- how much 
is it worth to you? 





¢ 


Wherever scientific experiments, lab- 
oratory work or the measurement of 
very small electrical quantities put a 
premium on accuracy, Weston in- 
struments reach their highest value, 
and when the cost of a Weston in- 
strument is measured against the cost 
of inaccuracies, mistakes and loss of 
time occasioned by haphazard meth- 
ods or inferior instruments, the re- 
sult is inevitable — Weston instru- 
ments are economical investments. 
Weston Model 322 
Portable D. C. Instruments 
--give the correct answer 
© acy oO é 
aya ins y a cit co 
D. C. only. Also made as single 
range millivoltmeters, double range 
millivoltmeters, pyromillivolt 
WESTON ELECTRICAL Situs mbemuenmanien dele 


range microammeters—quadruple 


INSTRUMENT CORPORATION range (the latter with range-chang 
591 Frelinghuysen Ave., Newark, N. J. @ ing switch) 

















More Value for the price in 
The STANDCO SPEED 
INDICATOR! 


ie >: T combines a revolution counte 
List Price ell as a surface speed indicator 
is provided with a chrono 


$31.25 automatically times the 


test! The personal equatio 
ing such tests, is entirely eliminated 
th this handy instrument *s most simple to use just apply the indi 
itor to the moving object, press the push-button and release it—when the 
hands stop you have an accurate reading of the speed. The hands remain at 
reading until released by the push-button again. Standard fittings in 
ide cupped and pointed rubber tips and a 6-inch rubber covered disk for 
easuring speeds of surfaces. Made in two types, one for speeds up to 30,000 
und the other for checking slow running equipment Sach model 
+ ¢° 9c 


ed in neat compact carrying case. A real “buy” at $31.25 list! Get one 








Price subject t hange if pending tariff | 


Some Prominent Users of the STANDCO SPEED INDICATOR 


in Brass Company Electrical Research Products, Ir ’ratt ¢ 1itney Con 
in Can Company Firestone Tire & Rubber Co Le 
rican Sheet & Tin Plate Cx International Harvester C« 

Asphalt Company Iron Fireman Manufacturing (¢ r 

| Alloy Steel Corp Jenkins Television Corp mon aw & Steel Company 
! 1 Porcelain Company Meritas Mills terling Engine Company 
Chicago Electric Company The National Sugar Refining S. Gypsum Company 
‘ontinental Paper Company Company of N. J arner Bros. Pictures, Inc 


Crucible Steel Co. of America Paramount News Wyman-Gordan Company 


HERMAN H. STICHT & CO., 21 Park Row, New York 








When writing to the above companies, mention INSTRUMENTS 
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CURRERST LITERATURE REVIEW 
, Inspection an 


ntr 


Pa., will furnish photost 


‘ 
) 
Abstracts on instruments and devices for measurement 
Carnegie Library, Pittsburgh, Pz 
35 cents per page, plus 10 cents for mailing 
library is not responsible for loss in 


are 
>. The 


Technology Department 
prints 
aur 


The 

abstracted here. Negative 
All orders should be paid in advance 

ind V. Reicl 


Contribution to the Methods of Fluorescence Analysis (Beitra 
ittinger al 








M. H 
79-380 


Flu yrescel 
eues hig 


- June | 


Zs. Instrument 
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Method for Measuring Inner Threads (Ein 
Haertel 


rma 
Nat 


t By 
A New > 

nnengewinden). A 
‘e i 
Instrument 


von Inne n 
Prac tical Construction af a ‘Resista ance Theninneuaien ( (E ine zweck 
n). R. Sewig. Zs 


von Widerstandsthermom 
305-306 


A 


PI 


] 


EI 
Pn actic al Gas per rature Measure. G: 
Se pt 1929. pp 1344-13495 


Aug. 1929, pp. 122 
tion of article pul ed in J 

| M.S 
H 


aE M S 
lane pretation of Stack Gas Analysis. 
226-1229 


C Sesienen dor tet eran Furnaces 
& Forging, Sept. 1929, pp ) 

| lium.—04.8 

|. K.M 

1929, pp. 490-492 
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f Me 
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Systems. 
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I tr 
Comparative iedioninn of Blew 
9. p 498 


Aug. ‘192 
MS S 


Dist 
Taeuber-Gret 
217-222 
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Gretler Induction System (La 
Mesures et le -n a Induction 
*Electricite, Aug 10, 
Tae uber os tler, 


L’Ele 
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ceMAs 


CRANK SHAFT F FRACTURES 


can only be avoided, accurate tests are made be 
a | 
is placed in operation ° the world known 


Torsiograph of Dr. Ing. Geiger 
{ a | 








' ' 
you have the only precision instrument for rec 
rs 
onal Vibrations, Angular Deflections, Degre¢ 
.t 


Speed Irregularity, et 


Write for Catalogs 


LEHMANN & MICHELS, Abt. 1, Hamburg-Altona, Germany 








PRECISION INSTRUMENTS for 
AUTOMOTIVE LABORATORIES 


AIR FLOW INDICATORS, FUEL FLOW INDICATORS AND SLOW MOTION 
STUDY EQUIPMENT. 

THE ASHDOWN ROTOSCOPE FOR SLOW MOTION STUDY is meeting with in 
creased success. Total sales have more than doubled in the last twelve months 
COMMERCIAL ENGINEERING LABORATORIES 

Makers of Fine Instruments 
4612 WOODWARD AVENUE DETROIT, MICHIGAN 














PYRO OPTICAL PYROMETER 


With Direct Reading Iron Scale—No Charts to Consult 


aA 


— - 
Easy to Use. ‘ 1 vin? Practically 
Accurate 4 automatic in 
Economical ‘ ; sd}, operation. 


v | ¢ ” ~~ 


Entirely self coutained in one small unit—Weight 3 pounds. 


THE PYROMETER INSTRUMENT COMPANY 
50 Howard Street New York, N. Y. 


DE 


aeuber- DIAL INDICATORS 


Comparators Fabrie Gauges 
Amplifying Gauges Rubber Gauges 
Thiekness Gauges Tap Comparator Gauges 


a Gear Tooth Comparators 
Piteh Diameter Gauges Cutter Testing Gauges 
Cylinder Gauges Internal and External 


Paper Gauges Grinding Gauges 


FEDERAL PRODUCTS CORPORATION 


PROVIDENCE, R. I. 
WESTERN BRANCH: 78388 WOODWARD AVE., DETROIT, MICH. 
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On the Barometric Scale (Ueber die barometrische Hoehenskale). H 
Instr August 1929, pp. 407-414. 


T! 
leight-s i 1 | . 


Dentention b iimecesic Specimens y waar nai “oor ated? Effects a H 
(Schutz der microskopischen dex arog § gegen die schaedlic] 


Jer Waermestrahlen). St. P. Kisfaludy Zs. Instrument, August 


G 


414-415 


Elektro. Nidal L. amp ( (El lekt Salmony 

ea sain a 1929, pp 15 

strated Tk lamr ‘ ntir e ratir ‘ } s emphasized 

magnets driv t l \ I 12 l 2 

Apparatus te ‘Combined Dete srmination of the Ricrities and Sennele Content ; 
Air (Ein Apparat zur kombinierten Bestimmung des Benzit 
Benzolgehaltes der Luft). P. Andrejew. Chemische Fabrik 


1929, PP. 147 148 


1A 


the om 18 permits th f th leneal 

New hans ier W. ater Dennienion with Difficult lolunandite He. at Carriers 
(Ein neuer Apparat zur Wasserbestimmung mitels schwer entz 
Waermeuebertraeger). F. Friedrichs. Chemiker _ Prensa April 
p. 287 

Xylole Bey < 1 by 

spparatus lescribed. EF. 

Apparatus for the. Indication of Escape in Adsorption Plants ( Appat 
timmung des Du cl hbruchs von Adsorptionsanlagen). A Siac! 
ischer Zeitung » Mar ch 20, 1929, p. 228 


ns an tomat hin ash rod 8 short circuit 
fr natitnent } hy } rhed EF 


4 New Melting Point Apparatus (Ein neuer Schmelzpunktapy 
Kerckow C her liker Zeitung, March 16, 1929, pp. 219-220 

threa ente! sa ied by pl rs t int tubs TI 

h i l EF 

The Rulsamter as an hammion of Salt Solutions for Flame Spectra and t 
Photography of the Spectrum (Der Fulgurator als aeubs S 
loesungen fuer Flam menspektre Nn nd die Piaiiacephie des Fur 
trums). W. Hirschel Che Likes areal March 3 6, 1929, pp 
pclae Siete trur Sf il x é t ns ‘ of m=? : . 


substar 


On Some Errors and Their ee in Determining the Dropping-Point 
cording to seeende (Ueber einige Fehlerquellen bei der Best 
des Tropfpunktes nach Ubbel shde und deren Vermeidung). E. 
Chemische Fabrik, Marcl 1 20, 1929, pp. 136-138. 
Raee Miemetowtn £ oA taan witetle te nodheedl ond tn the = 
the standard Ubt 


nat 


f } 


Some Improvements of Gas Analytic Apparatus (Einige Verbesserun 
analytischen Apparaten). Dr. H. A. Bahr. Chemische Fabrik 
1929, pp. 13-15 


ed ‘The : 
f 1 oF —F 

Aa Up-+t to-Date Refractometer for the 7 (Ueber ein modernes 
fraktometer). W. Ewald Chemisc! f abrik, March 20, 1929, pp 


Bet 





Carriers 
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Nephelometer according to Kleinmann 


Made by 
FRANZ SCHMIDT & HAENSCH 
Highest Precision Instrument 
Write for literature to Sole Distributors 
AKATOS, INC. 
Engineering Building 114-118 Liberty Street 
New York City 











CARD SECTION 


CLASSIFIED CARD SECTION ADVERTISING RATES 


$10.00 per insertion 


Boxed Display Space, 2 x 7g ins. 
5.00 per insertion 


Positions Wanted Advertisements, 2 x 7g ins. 


Address advertisements and replies to Instruments Publishing Company, Pittsburgh, Pa. 











Motor Operated Controllers for 
regulating Valves, Dampers, 
Louvers, Rheostats 
Time Cycle Contactors 
Electric Heater Controllers, etc 


Automatic Temperature Control Co., Inc 
Philadelphia, Pa. 


Thermometers and Hydrometers 
Industrial- -Scientifie 
Prices on Request 
FR. FLEISCHHAUER & SON 
$936--187 Place Hollis, N. ¥. 




















“STYLOGRAPH” 


White wax sensitized paper for automatic 


E. S. LINCOLN 


Consulting Electrical Engineer 
Designs Investigations Reports 
Electrical Research Laboratory 


GRAYBAR BLDG. 


420 LEXINGTON AVE., we. YS 


recording in graphic recording instruments 
THE STYLOGRAPH CO. 
P. O., Coldwater, Rochester, N. Y. 


Patent Applied for on Product, Process 
and Machines 








ENGRAVING MACHINES 
MARKING MACHINES 
GRADUATING MACHINES 


H, P. PREIS & CO. 
227 FULTON ST. NEW YORK 








Your Card This Size 
in the new Classified Card Sec- 
tion in INSTRUMENTS. at 
$10.00 per month will be a 
profitable investment Forms 


close the first of the month 








The The Davey Dynamic The 


Vibroscope 


A portable stroboscope 
for observing mechan- 


isms in motion. running under 


ELECTROCON CORPORATION 





Balancing Equipment 


A portable instrument for balancing 
all types of rotating parts while 


Davey Vibrometer 


A sensitive instrument 
for the measurement of 
own power vibrations 


- = + 6 Varick St., New York 





When writing to the 
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Pipe Line Companies Measure Gas. D. A. Sille Oil and Gas J 
ust 29, 1929, p. T-136 


nt of gas 18 v vered. 1 i 


Tt isu y 
TI tt 


M 


t 


Fatigue Testing of Sheet Metals. J. R. Townsend and C. H. Greenw 
Stampings, August 1929, pp. 599-600. 


Testing Mater 
nsists ft fiv 


Mater rdened t 
a4 progressive decr rat i jurar limit to tensile g M. § 
Recording Pressure Gage with Permanent Adjustment (Manometr 
a controle permanant). R. Guillery. Revue de Metallurgic 
90 28% 
pp 329-333 
Description of ' rd nr } the piston is replaced witl 
A Simple Apparatus for Immediate and Direct Reading-Off of Corrosion of 
Metals, of Formation of Incrustation and of the Oxidation Power of Soly 
tions (Eine einfache Apparatur zur sofortigen und direkten Ab! 
Korrosion von Metallen, der Inkrustationsbildung, sowie der ox 
Kraft von Loesunge i® Osydimeter na h Toedt) Dr La Koehl I 
Zeitung, July 20, 1929, p. 567. 
g f Far lay The relat pm 
jirectly in gm lay and m2, is illustrated and it ivantages given. E. | 
Construction of a Large Electro-Magnet (Ueber den Bau eines gross 
magneten). A. Glaser. Physikalische Zeitschrift, August 1, 1929 
477 
The construction of an electr met in the University of M 
) Gauss at a distance of lescribed 
New Gas Storage and Gas Measurement Apparatus (Neues Gassamm¢ 
messgeraet). B. Kunisch. Die Chemische Fabrik, August 14, 


299.242 
5 ? 4 5 


f pneumatic tr hs bottle wit! nd in stopper and a 


id 


sa ly re nr 


Nomography (Nomographie—Nommogramme fuer die Praxis der 
Fabrik). O. Liesche. Die Chemische Fabrik, August 14, 1929 


Ogi 
5 / 


s§ illustrat y n x I I i 

A Nitrometer Without a Hose for Half-Microchemical Work (| 
schlauchloses Nitrometer fuer halbmikrochemische Arbeitsweise ) 
K. Hofmann and R. Baumann. Die Chemische Fabrik, August 

p 359-360 


ties | 


j 
cul i 


£ enher 


ssabeane NO, and pressure ‘ t 1 
practical determinations are given. E. Ff 
Making the Glass Disk for a 70-Inch Telescope Reflector. A. N. Fini 
Jl. of Res.. August 1929, pp. 315-329 
Details ar riven of the pr lure followed in making 


inches thick 





10n oO 


f Solu- 
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Detection of Starch, Glue me Casein in and upon Paper. 
Trade Ji., June 6, 192 aS 59 
s for the preparation of reagent 


Microscopical aaah of Paper. K. P. Geohegan. Paper Trade 
pp 63-65. 
letermination and qualitativ lys by me f t 
the subject of th A | ll. Kodak R I 
Oil Spot Photometer. M R: inc urel Photo-Revue, June 145, 
re given concert the scale for a phot te! 
densiti Abs. Bul Kodak Res. Labs 
Vacuum RD demsater as Used in Measurements of Solar Radiation. N 
Phil. Mag., June 1929, pp 106: 1-1080 


Review of the Most Important Measuring Chambers for Photogrammetric Snap- 

shots from Aircrafts (Uebersicht ueber die wichtig Messkammern zu 

photogrammetrischen eee aus Luftfahrzeuger P. Werkmeister 

Zs. Instrument. June 192 » PP 306-307 

thor briefly describes tt for tak photog: t h f ilt 

mpanies: ( Zeiss: Jer , seamen I H | rbrus FF 

The Mew Seconds-Measurer of the Siemens ¥% Halske W Works (Der neue Sekun 
denmesser der Siemens und Halske A. G.). W. Jaekel. Zeitschrift fuer 
eeramentenkunde, June 1929, pp. 309-310 


Lessiliensiietele Methods bon Sasnnibaiiion of Steel Balls with Regard to Their 
Shape and for Examination of the Pressure Equations of Thm (Inter 
ferometrische Methode zur Bestimmung der Gestalt von Stahlkugeln und 
zur Pruefung der Hertzschen Druckgleichungen). O. Schoenrock and E 
Einsporn. Zs. Instrument, July 1929, pp. 318-331 and August 1929, pp 
369-385 


On a New Direction Finder (U ia einen neuen Richtungshoerer). Chr 


von 
Hofe. Zs. Instrument, uly 1 1929, pp. 331-341 
Maurer and Hascheck 


w apparatus designed by D1 
A 


with particular « 


Contributions to the ieee of he die nometer of Tiber ore-Thi bas 
Theorie des Magnetometers von Tiberg-Thalen). V 
ment, July 1929, pp. 342-356, 

_theory of the n ns f 
ial-emagnetic fie Idi is determined 

“Thal n, the author out! 

nt The applic ition of 


ven. The paper contains 77 fi i 1 the 


sci Zur 
Theimer. Zs. Instru- 
August 1929, pp. 386-395 


if ter V 


The Detsnmination of Toepeustare and Atmospheric Density Constants of Forge 
of Gravity Pendula by Means of the Two Pendula Method (Bestimmung 
der Temperatur und der Luftdichtekonstanten von Schwerkraftpendeln 
nach dem Zweipendelverfahren). H. Schmehl and W. Jeune. Zs. Instru- 
ment, August 1929 , pp 396- ‘406. 

: ithors prove by n ins ft per Va ) € } ninati of ic pla 
nsity constants of gravity-pendul ording to the two pendu rethod g ihe a ng 
ges in comparison with the endulum f i observation is J 
’ 2) the accuracy of determinati f the constar s increased, 3) the 
the data is simplified. The compensation of the observatior rding to coir 
stead of vibration times as well as the compensation of the whole method 
lurther considerable advantage. The paper includes 9 referenc 


in one 


(Current Literature Review continued on Page 
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BUYERS* GUIDE 


Of instruments and devices for measurement, 


inspection or cor 


If you are unable to find what you require in the Buying Section of INSTRUMENT]! 


and we will obtain full particulars for you without charge. 


Give complete information of : 








ALAC AeA ST CONE ROEM 





ACIDITY RECORDERS 
Leeds & Northrup Co 
AIR FLOW INDICATOR 

Brown Instrument Co 
Commercial Engg. Labs 
ALIDADES 
ALTIMETERS 
American Paulin System, 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 
\MMETERS—Indicating 
Rawson Electrical Instrument 
Company 

Weston Electrical 
Jecording 

Bristol Company 
ANEMOMETERS 
Taylor Instrument 


Inc. 


Inst. Corp 


Companies 


ARMATURE TESTING EQUIP- 
MENTS 

ASPHALT TESTING APPARA- 
Tus 


Tagliabue Mfg. Co., C. J. 
BALANCES 
Akatos, Inc 
BAROMETERS—Anerold Mercur- 
ial, Recording 
American Paulin System, 
Tagliabue Mfg. Co., C. J. 
Taylor Instrument Companies 
BATHS—Constant temperature 
water & oll 
BATTERY TESTERS 
Weston Electrical Inst. Corp. 
— TESTING METER 
eds & Northrup Co. 
BRIDGES, ELECTRICAL 
Capacitance, Conductivity, Hoopes, 
inductance, Kelvin, Resistance, 
Temperature, Wheatstone 
Leeds & Northrup Co. 
CABLE TESTERS 
Rawson Elec. Inst 
CALORIMETERS— 
Oxygen Bomb, 
Burgess-Parr Co. 
CARBON DIOXIDE METERS 
Brown Instrument Co. 
Leeds & Northrup Co 
Republic Flow Meters Co 
Tagliabue Mfg. Co., C. J 
CARBON MONOXIDE METERS 
Leeds & Northrup Co. 
Tagliabue Mfg. Co., C. J 
CEMENT TESTING INSTRU- 
MENTS 


Inc. 


Co. 
Peroxide, 
Gas Recording 


CHRONOMETERS 
Tagliabue Mfg. Co., 
CLOCKS—Gauge Board 
Brown Instrument Co 
CLOUD & POUR TEST AP- 
PARATUS 
Tagliabue Mfg. Co., C. J. 
COIL TESTING EQUIPMENTS 
Leeds & Northrup Co. 
COLORIMETERS 
Akatos, Inc 
Tagliabue Mfg. Co., C. J. 
COMBUSTION CONTROL 
EQUIPMENT 
Brown Instrument Co 
Leeds & Northrup Co. 
COMPASSES 
Taylor Instrument Companies 
COMPARATORS 
Federal Products Corp 
CONDENSE RS—Electrical 
Leeds & Northrup Co. 
CONDUCTIVITY METERS 
Indicating, Recording, Controlling 
Leeds & Northrup Co. 
CONSTANT SPEED & FRE- 
QUENCY SETS 


Teeds & Northrup Co, 


Cc. J 


(Buyers 


CONCENTRATION RECORDERS Valve 


Leeds & Northrup Co. 
CONTOUR MEASURING PRO- 
JECTOR 


Bausch & Lomb Optical Co. 
CONTROLS, AUTOMATIC 
Condensation 

Tagliabue Mfg. 
Damper 

Brown Instrument Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., 
Feed Water 

Brown Instrument Co 

Republic Flow Meters Ce 
Filter Rate 

Brown Instrument Co. 

Builders Iron Foundry 
Float 

American Radiat 
Gravity 

Tagliabue Mfg 
Humidity 

Brown Instrument Co. 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 
Humidity & Temperature 

Brown Instrument Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C 

Taylor Instrument Comy 
Liquid Level 

American Radiator Co. 

Bristol Company 

Brown Instrument 

Tagliabue Mfg 
Motor 

American Radiator 
Pressure & Vacuum 

American Radiator Company 

Brown Instrument Co ; 

Bristol Company 

Tagliabue Mfg. Co., C. | 

Taylor Instrument Companies 
Pyrometer 

Bristol Company 

Brown Instrument Co 

Leeds & Northrup Co 

Republic Flow Meters Co. 

Taylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Refrigeration 

Amftrican Radiator Company 

Brown Instrument Co 

Leeds & Northrup Co. 
Tachometer 

Brown Instrument Co 

Leeds & Northrup Co. 
Temperature-Time 

Brown Instrument Co 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Co. 
Thermometer 

Bristol Company 

Brown Instrument Co. 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Thermostat 

American Radiator Company 

Bristol Company 
Brown Instrument Co. 

Taylor Instrument Companies 
Time 
Brown Instrument Co 

Tagliabue Mfg. Co., 
Vacuum 

Brown Instrument Co 
Unit Heater 

American Radiator Company 


Co., C. J. 


Cc 


r Company 


Co., C. J. 


anies 
Co 
Co., C. J. 


Company 


Cc. J. 


Guide continued on Page 


Motor Ope 

American Radia 

Bristol Company 

Brown Instrume! 

Taylor Instrumen 
Water Level 

American Radiat 

Bristol Company 

Brown Instrument 

Tagliabue Mfg. ‘ 
COORDINATOGRAPHS 
COUNTERS—Rev 

Bristol Company 

Brown Instrument ( 

Lehmann & Miche 
Stroke 

Bristol Company 

TTT & Miche 
CURRENT RECORDERS 

Ste & Northrup ( 
CURRENT REGULATORS 
CYCLE COUNTERS 
CYLINDERS-GRADUATED 

Tagliabue Mfg. Co., ( 
DECELEROMETER 
DEFORMETER 

Southwark Fdy. ¢ 
DEMAND METERS 
DENSITOMETERS 

Akatos, Inc 
DIVIDING HEAD 
Optical 

Bausch & Lomb Optie 
DRAFT GAUGES—see Gauges 
DYNAMIC BALANCING 

EQUIPMENT 

Electrocon Corporat! 
EARTH CURRENT METERS 

Rawson Elec. Inst 
ELECTRIC TELEMETER 


EXTENSOMETER 
(Huggenberger) 

Southwark Fdry 
FAULT FINDERS 

Leeds & Northrup ( 

Weston Electrical | 
FLASH & BURNING POINT 

TESTERS 

Akatos, Inc 

Tagliabue Mfg. ‘ 

Taylor Instrument 
FLOW METERS 

Brown Instrument 

Builders Iron F ry 

Republic Flow Meter 
FLUXMETERS 

Leeds & Northrup ( 

Rawson Electrical Instr 
FREQUENCY METERS 
Indicating 

Leeds & Northrup ¢ 

Weston Elec. Inst. Cory 
Controlling 

Leeds & 
Recording 

Bristol Company 

Leeds & Northrup 
FUEL ANALYSIS APPARATUS 

Burgess-Parr Co 
FUEL FLOW INDICATOR 

Commercial Engg. Labs 
GALVANOMETERS 

Brown Instrument ‘« 

Leeds & Northrup (% 

Weston Electrical Inst. Vor 
GAS ANALYTICAL METERS 
Chemieal 

Republic Flow Meté 

Tagliabue Mfg. ‘ 


Northrup © 
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Measurement of Flame Temperatures. E. Griffiths and J. H. Awbery. Proc. Roy 
Soc., April 1929, pp. 401-421. 
perature oO! a platint carryin 
hen in the flame and when in va 
rves intersect is th 
t s. In 
jUirement, 


im wire 

cuum 
mperature of 
eile a second method the temperature 
yr emission lines of sodium (whi 
the interpos tion of the flame | 
ckg yrou nd The tem perature 
od by an optical pyr meter 


Photo: Electric Method of Measuring the Light of the Night Sky, with Studies of 
the Course of Variation Through the Night. 
June 4, 1929, pp. 
trometer. w 
| amplification 


te 


o! 


ch 18 introd 


Rayleigh. Proc. Roy. Soc 
395- 408. 

sky was balar d 
controlled by a resistanc 
Bull. Kodak Res. Labs 


Desneination of the Dielectric Constants of Imperfect Insulators. R. T. Latt: 
and O. Gatty. Phil. Diag. June 1929, PP. 96% 101 04. 
Mathematical lerations of methods ire it of diel 
1 way as to allow mination of, or correction for, errors thr a i 
ser leads, effects of le skag s, and certain other factors. The results obtained for var 
liquids are given, and compa red with those of other authors.—Abs. Bull. Kodak s. Lat 
onductance and Transference Number of the Chloride Ion in Mixtures of 
Sodium and Potassium Chlorides. Duncan A. MacInnes 
perthwaite and Theodore Shedlovsky. Jl 
1929, pp. 2671-2676. 
the movir t 
K ‘ith aid of which the 


J on a vibrat‘on-fres 


ch was 


and practical 


The C 


Irving A. Cow 
Amer. Chem. Soc., September 
yundary apyerene for determining insference numt j 
boundary be formed without disturbing the apparat vt 
sunnort M 4 H 
Industrial Measurements, I-Weighing. Everett P. Partridge. Ind. & Eng. Chen 
August 1929, pp. 740-744. 
This article treats the weighing problems ocx 
tries. These problems are reduced to 
ghing; (3) packaging and product meas 
fields are d’scussed.—M.E.H 


Effects of Knock-Suppressing and Knock-Inducing Substances on the Ignition 
and Partial Combustion of Certain Fuels. Raymond E. Schaad 

E Boord Ind. & Eng. Chem., August 1929, 

d bef he ision of Petrc eum, Cha 

( ‘I Society, Sep Apparatus for 

1 diagrams 


Irring 
(1) weig 


and C seCl 


try at the 


ne Bt 156. 762 


Meaning and Measurement of Plasticity. E. Karrer. Ind. & En 
1929, pp. 770-773. 

Presented before the Division of Rubber Chen 

mical Society, September 1928. The new plastometer 
apparatus gives the magnitud ! 


of the force 
n and the portion of 


ict‘ng for 
this deformation whict 
aporization of Complex Mixtures. 


which 1 reta 
Brown. Ind. & Eng. Chem., 
A dif 


str 


me ae f a 
1 ut finite time —M.E.H 
Walter J Podl i and Geo. Grang¢ 
August 1929, PP 1 “7719. 
ferential and a continuous or flash vaporizer are d 
M.E.H 


Open-Hearth Furnace. G. L. Clark and H. V. Anderson 
Chem. August 1929, PP. 781. 785 
liography of 22 references. X , 
ned for a quartz, 
al service in an of 


- t 
dure f : the detecti 


X-Ray Study of the Zonal a of Silica Brick from the Roof of a Basic 


Ind. & Er 


ica i 1 refractories "MEH 
laf naeabs rg of Mixtures of Ethyl “Alcohol. Nec Furfural, 
G . Jones and J. R. Klick 
Ls: 
sented before the Divi 
an Chemical Society, 
ity modified for use 


and Acetone. 
Ind. & Eng. Chem., August 1929, py 
sion of Gas and 
April 1929. The term he limits nfla 
at higher temperatur shown in diagrar 

Rapid. Indicating Continuous-Reading Veawun and Precture Gages. H. G. Ande 
{ son. Ind. & Eng. Chem., August 1929, pp. 795- 797. 
) gages have been developed for meas 

ll withst ind a change 
ts are made 


iIring 
> of pressure from atm 
almost instantly. Both are of tl 
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Electrical 

Brown Instrument Co 
Leeds & Northrup Co 
GAS LEAK INDICATORS 
Taylor Instrument Companiss 
GAS-METERS 

Brown Instrument Co 
Republic Flow Meters Co 
GAUGE RODS 

Tagliabue Mfg. Co., C. J 
GAUGES 
Absolute Pressure 

Brown Instrument Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Amplifying 

B. C. Ames Co 

Federal Products Corp 
Comparator 

B. C. Ames Co 

Federal Products Corp 


Federal Products Corp 
Depth 
B. C. Ames Co 
Federal Products Corp 
Dial 
B. C. Ames Co 
Federal Products Corp 
Differential Pressure 
Brown Instrument Co 
Republic Flow Meters Co 
Tagliabue Mfg. Co., C. J 
Draft 
Bristol Company 
Brown Instrument Co 
Republic Flow Meters Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 


rill 

Bausch & Lomb Optical Co 
Grinding 

Federal Products Corp 


Liquid Level 
Bristol Company 
Brown Instrument Co 
Builders Iron Foundry 
Leeds & Northrup Co 
Republic Flow Meters Cc 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Loss of Head 
Brown Instrument (Cos 
Builders Iron Foundry 
Republic Flow Meters Co 
Pitch Diameter 
Federal Products Corp 
Pocket 
Pressure 
American Paulin System 
Bristol Company 
Brown Instrument Co. 
Leeds & Northrup Co. 
Republic Flow Meters Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Pressure—Temperature 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Pressure & Vacuum 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos 
Profile 
Bausch & Lomb Optical Co 
Rain 
Taylor Instrument 
Recording 
Distance 
Bristol Company 
Brown Instrument Co 
Strain 
Southwark Fdry. & Mach. Co 
Thickness 
B. C. Ames Co 
Volume 
Brown Instrument Co 
Water Level for Boilers 
Bristol Company 
Brown Instrument Co 
Republic Flow Meters Co 


Inc 


Cos 


(Buyers’ 
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Wind 
Brown Instrument Co 
Taylor Instrument Companies 
GEOPHYSICAL INSTRUMENTS 
Akatos, Inc 
GOVERNORS 
Pressure 


3rown Instrument Co 


Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Pum 


Tagliiabue Mfg. Co., C 
GLASS STRAIN TESTERS 
Akatos, Inc 
GREASE TESTING APPARA- 
Tus 


Tagliabue Mfg. Cc., C. J 
GROUND DETECTORS 
Leeds & Northrup Co 
Weston Electrical Inst. 
GROUND-OHMER 
Leeds & Northrup Co. 
Herran H. Sticht & Company 
GYPSUM TESTING INSTRU- 
MENTS 


HARDNESS TESTERS 
Akatos, Inc 
Wilson-Maeulen Company, 

HARMONIC ANALYZERS 
Leeds & Northrup Co 

HIGH VOLTAGE 

Measuring Devices 

Testing Devices 

HUMIDITY RECORDERS 

Wet & Dry Bulb Thermometers 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 

HYDROGEN ION METERS— 

Indicating, Controlling, Recording 
Leeds & Northrup Co 

HYDROMETERS 
Tagliabue Mfg. Co 
Taylor Instrument 

HYGROMETERS 
Brown Instrument Co 
Tagliabue Mfg. Co., C. J 
Taylor Instrument Companies 

IMPACT TESTING MACHINES 
Akat Inc 

Alternating 

INDICATORS—See Gauges 

INSTRUMENT BOOKS 
Instruments Publishing Co. 

INTEGRAPHS & INTEGRATORS 
Leeds & Northrup Co. 

INSTRUMENT CALIBRATION 

AND REPAIRS 
= TRANSFORM. 


Weston Electrical Inst. Corp 
INSULATION TESTING EQUIP- 
MENT 


Leeds & Northrup Co 
JOB TIMING RECORDERS 
KEYS AND SWITCHES 

Leeds & Northrup Co 
KLYDONOGRAPHS 
LACTOMETERS 

Tagliabue Mfg. Co., C. J 
LEVELS 
Centering 

Bausch & Lomb Optical Co 
Engineer's, Wye, Precision 
Prism 

Taylor Instrument Companies 
LIME TESTING INSTRU- 

MENT 


LOCOMOTIVE INDICATORS 

Lehmann & Michels 
LUSTER METERS 

Akatos, Inc 
MANOMETERS 

American Paulin System, 

Brown Instrument Co 

Republic Flow Meters Co 
MASTER CLOCKS 
MEASUREMENT BOOKS 

Instruments Publishing Co 
MEGOHMMETERS 

Leeds & Northrup Co. 

Herman H. Sticht and Company 


Corp 


Inc 


Cc. J. 


Companies 


Inc 


Guide continued on Page 





MEGOHM VOLTME 

Weston Electrica! 
MELTING POINT A 

Tagliabue Mfg. ( 
MICROMETERS 
MICROAMMETERS 

Rawson Electrica! | 

Weston Electrica 

Wilson-Maeulen ( 
MICROFARADMETE?! 

Leeds & Northrup « 

Weston Electrica! 
MICRO PYROMETERS 

Akatos, Inc 
MICROSCOPES 
Brinell 

Bausch & Lomb 0 
Metallographic 

Akatos, Inc 

Bausch & Lomb 0 
Petrographical 

Akatos, Inc 

Bausch & 
Toolmakers’ 

Bausch & Lomb 0; 
MILLIAMMETERS 

Rawson Electrical Ir 

Weston Electrical I: 

Wilson-Maeulen ¢ 
MILLIVOLTMETERS 

Bristol Company 

Rawson Electrical Ir 

Taylor Instrument ( 

Weston Elect. Inst 

Wilson-Maeulen Cor 
MOTION RECORDERS 
Mechanical 

Bristol Company 

Lehmann & Michels 
MULTIMETERS 

Rawson Elec. 
MULTIPLIERS 

Leeds & Northrur 

Weaton Elect. Inst 
NEPHELOMETERS 

Akatos, Inc 
OHM METERS 

Leeds & Northrur 

Rawson Electrical Ir 

Herman H ro ney J 

Weston Electric Ir 
OIL TESTING APPARAT! . 

Tagliabue Mfg. ¢ 

Taylor Instrument ( 

Teschner-Myers © 
OIL TESTING EQUIPMENT 
OPERATION RECORDERS 
Electrical 

Bristol Company 

Brown Instrument 

Leeds & Northrup 

Tagiiabue Mfg. ( 
ORIFICE METERS 

Brown Instrument ¢ 

Builders Iron Foundr 

Republic Flow Meter 
ORSAT APPARATUS 

Republic Flow Meter 
OSCILLOGRAPHS 
OXYGEN RECORDERS 

Leeds & Northrup ( 

Tagliabue Mfg. Co 
PANTOGRAPHS 
PERFORMANCE METER 
PERMEAMETERS 

Leeds & Northrup ( 
PAPER TESTING INSTR 

MENTS 


ARATIIc 


Lomb 0 


Inst 


PERISCOPES 

Bausch & Lomb Opt 
PHASE INDICATOR 
ia SEQUENCE INDICA 


Herman H. Sticht 
PHOTOMETERS 

Akatos, Inc 

Bausch & Lomb O 

Leeds & Northrur 
PHYSICAL TESTING 

CHINES 
Lehmann & Michels 
Southwark Fdy. & % 


MA 


30) 





1929 INSTRUMENTS Page 2' 


ge « 





Automatic Oscillographs—Are a Valuable Adjunct to the Synchronized at the 
Load System in New York City. H. R. Searing and G. R. Milne. Electri 
Journal, August 1929, PP. 351. 357. 


ARAT 





ted Electric aie ght & Pow ( Jeveloped a meth f | P : 
2 synchronism at th load sels Sy n connections, 1) 
tained, actuatin } ices and detail of operati mn are giver N 


Fink dome: fer the Hell Gove (N. ¥.) ment. W. H. B. 
Barberton ‘Laboratory for High-Voltage Tests, Electric W oie. ‘Angus 3, 1929 
218. 


as laboratory of the Ohio Brass Co. at Barberton, O ppeals to th g 
Potential up to 3,000,000 volts can be applied anywher I h side of ig 
nd can be measure red by a variety of portable sphere gaps. R rds of voltag ndit 
harges can be made on Dufour oscillographs and klyd graph ijacent to the f A 
synchronized with the test-voltage source permits photographs f dischar 


rt. W 
Improved Simple Viscosimeter for Colored Fluids. A. E. Robinson. Ind. Chemist 
May, 1929, pp. 205-206. 
A modification of the falling ball method, in which the ste | 
s fall, closing an electric circuit and causing a small globe to li he apparatus has been _ 
y protected.—Abs. Bull. Kodak Res 7 ibs 
Apparatus and Method for the Rapid Determination of Available Chlorine in 
Weak Hypochloride Liquor. J. M. Taylor. Ind. Chemist, April 1929, py 
135-136. 
A rapid method for use in a works where a chemist is not available. The ‘ 
oxygen evolved on mixing known volumes of the blech liquor and hydrogen 
i by means of an ordinary pressure gauge Abs. Bull. Kodak Re Lat 


Determination of Available Oxygen by the Bunsen Method. T W. Parker and 
P. L. Robinson. J]. Chem. Soc., May, 1929, pp. 1106-1108 

A description of an apparatus for accurate determination of availabl ygen by 

i, in which chlorine is libe — and estimatéd iodimetrically. R r i J 

f f potassium dichromate indicate a concordance of 1 part in 31 parts, the mean be 

8% below the theoretical value Abs Bull. Kodak Res Lat 

Detection, Determination and Oxidation of Sulfur Dioxide. D. Henville. Analyst 

April 1929, pp. 228-231. 





i 1 Kes a f t at the 


An apparatus for the rapid execution of the Monier-Williams method. in which tl k 
int of sample is heated in a §500-c.c. flask w ith 50 f 16% (¢t vol ) solut 
rochloric acid and 150 ml. of air-free water. The evolved sulfur dioxide is absorbed in hydr 
n peroxide which is titrated with N/10 sodium hydroxide in the pr of bre henol bl 
ring the course of the heating. It is shown that no appreciable oxidation of sulfur dioxid 


juring the course of the determination.—Abs Bull. Kodak Res. La 


ATUS New Apparatus for Electrolytic Analysis. H. J. S. San d Analyst, May 1929, pp 
; Bike 282. 


Descriptions of new types of platinum electrodes and stands for analysis by electrodeposition, th 
T ct of the desis gn being to attain a reduction in weight of the platinum required and eff 
nt oe og One electrode revolves inside the other and is mpletely rrounded by it except 
below. Spec‘al features allow rapid washing and disconnection. A mod‘fication of the rotatir 
Je is described, for use when contact between the electrolyte to be analyzed and the electrod 
ild cause trouble because of anodic oxidation. For this case, the anode is design 


parchment thimble diaphragm, which revolves with it and holds an auxiliary electrolyte 
lute acid or a salt.—Abs. Bull. Kodak Res. Labs 
Potentiometric Titration of Ammonia. E. B. R. Prideaux. Jl. Soc. Chem. Ind 
April 19, 1929, pp. 87-88T. 
Results in agreement with those obtained when using methyl red as indicator were obtained by 
e use of the quinone-quinhydrone electrode. The potenti ometric method has the advantag 


, 0 aGvan 


gives better warning of the approach of the end point. It may be applied to the 


lored or turbid solutions.—Abs. Bull. Kodak Res. Labs 


Estimation of Cellulose in Wood. J. H. Ross, A. L. Davidson and E. O. Hough 
ton. Pulp and Paper, June 20, 1929, pp 925. 926 


analysis of dark 


The Pulp and Paper Division of the Forest Products Labor y sts a new method of det 
mining the amount of cellulose in wood. The wood gr I 
R hlorite solution, treated with sodium sulfite as an anti f 


water to remove chlorinated products. This cellulose is r pu 

amount obtained from wood chlorination with gaseous chlorine 

Microscopical Examination of Fibers. WW. Garner. Ind. Chemist, April 1929, p; 
CA 147-155, 








Although for routine work dilute glycerin is suitable, permanent mounts are best made by mean 
f glycerin jelly. An advantage of this material is that slides are s isily cleaned if the amounts 
He ve to be of only passing interest. By choosing suitable media, certain fb ers can be rendered 

most invisible; thus in a mixture of acetate silk with rayon, examination is facilitated by 1 t 
ng in d dilute glycerin, which causes the acetate silk to become almost invisit le The differentiat 


silk, wild silks, and rayons is dealt with in detail, and the determination of these fibers and of 
fibers of vegetable and animal origin is illustrated by photo. nicrographs. The technique of ttir 


ections of fibers is given.—Abs. Bull. Kodak Res. Labs 


(Current Literature Review continued on P 1) 
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PITOT TUBE METER 
Brown Instrument Co 
Republic Flow Meters ¢ 

PLANIMETERS 

Linear 
Brown Instrument Co 
Lehmann & Michels 

Radial 
Bristol Company 

POLARISCOPES 
Akatos, Inc 

POSITION RECORDERS 
Bristol Company 

POTENTIAL DETECTORS 
Leeds & Northrup Co 

POTENTIOMETE RS—indicating 
Brown Instrument Co 
Leeds & Northrup Co, 

— ng & Controll.ng 

seeds & Northrup Co 

POWER FACTOR METERS 
Weston Electrical ins Corp 

POWER FACTOR REGULA- 

TORS 


PRESSURE METERS 

PROCESS TIMING A 
NALING INST T 

PROGRAM INSTRUMENTS 

PROTRACTOR 

Optical 

Batsch & Lomb Optical Co 
PSYCHROMETER 
Reeording 

Leeds & Northrup Co 

Tagliabue Mfg. Co., C. J 

Taylor Instrument Cos. 
Sling 

Taylor Instrument 
PYROMETERS 
Optical 

Brown Instrument Co. 

Leeds & Northrup Co. 

Pyrometer Instrument 
Radiation 
Indicating 

Brown Instrument Co 

Leeds & Northrup Co. 

Pyrometer Instrument Company 

Taylor Instrument Companies 
Reeording 

Brown Instrument Co 

Leeds & Northrup Co. 

Taylor Instrument Cos. 
Thermo-eleetrie 
Immersion 

Bristol Company 

Brown Instrument Co. 

Leeds & Northrup Co 

Pyrometer Instrument Company 

Republic Flow Meters Co 

Taylor Instrument (‘ompanies 

Wilson-Maeulen Company, Inc 
Indieating 

Bristol Company 

Brown Instrument Co. 

Leeds & Northrup Co. 

Republic Flow Meters Co 

Taylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Reeording and Controlling 

Bristol Company 

Brown Instrument Co 

Leeds & Northrun Co 

Republic Flow Meters Co 

Taylor Instrument Companies 

Wilson-Maeulen Company, Inc 
Surface Contact 

Bristol Company 

Brown Instrument Co 

Leeds & Northrup Co. 

Pyrometer Instrument Company 

Taylor Instrument Companies 
REF RACTOMETERS 

Akatos, Inc. 

Bausch & Lomb Optical Co. 
REGULATORS—See Controls 
RELAYS 

Leeds & Northrup Co 

Weston Electrical Inst. Corp. 
REMOTE METERING EQUIP- 

MENT 


Bristol Co. 

Brown Instrument Co. 
Leeds & Northrup Co. 
RESISTANCES—Electrical 
aeds & Northrup Co. 

ROTOSCOPE 
Commereial Engg. Labs. 


Companies 


Company 


INSTRUMENTS 


ag <~g- gleeeaee 
catos, inc 
oon & Lomb Optical Co. 


Taylor Instrument Cos 
SACCHROMETERS 
Tagliavue Mig. Co 
SCRATCH HARDNESS TESTER 
SEISMOGRAPHS 
Akatos, Ine 
SHUNT METERS 
SHUNTS 


leeds & Northrup Co. 
Weston Electrical Inst. Corp 
SIGNALLING DEVICES—Auto- 
matie 
Brown Instrument Co 
SLIDE RULES 
SOIL PRESSURE CELLS 
SPECIAL INSTRUMENTS 
Kurgess-Parr Co 
SPECIAL ELECTRICAL 
STRUMENTS 
Brown In trument Co 
Leeds & Northrup Co 
Rawson Electrical Instrument Co 


Weston Electrical Inst. Corp. 
SPECTROSCOPES 

Akatos, Inc 

Bausch & Lomb Optical Co. 
SPECTROPHOTOMETERS 

Akatos, Inc. 

Bausch & Lomb Optical Co 
SPEED INDICATORS 


See Tachometers 
STANDARD CELLS 
Weston Electrical Inst, 
STEEL TAPES 
STRAIN GAUGE 
Southwark Fdry & Mach ¢ 
STRESS INDICATOR 
STROBOSCOPES 
Commercial Engg. Labs. 
SULPHUR DIOXIDE METERS 
Leeds & Northrup Co 
Tagiiahue Mfg. Co., C. J 
SULPHUR DETERMINATION 
APPARATUS 
Burgess-Parr Co 
Tagiiabue Mfg. Co., C. J. 
SUNSHINE RECORDERS 
Leeds & Northrup Co. 
Taylor Instrument Companies 
SUPERPRESSURE CATALYST 
EQUIPMENT 
SURGE RECORDERS 
SYNCHRONIZING FORKS— 
Electrical 
Leeds & Northrup Co. 
TACHOSCOPES 
Brown Instrument Co. 
TACHOMETERS 
Bristol Company 
Brown Instrument Co 
Leeds & Northrup Co 
Pyrometer Instrument 
Herman H. Sticht & Company 


Corp 


Weston Electrical Inst, Corp. 
TELESCOPES 

Rausch & Lomb Optical Co 
TENSIOMETERS 

American Paulin System, Inc 
TENSOMETER (Huggenberger) 


Southwark Fdry & Mach. 
TESTING MACHINE— 
Universal 

Southwark Fdry. & Mach 
THEODOLITES 
THERMO-JUNCTIONS (Electric) 

Rawaon Electrical Instrument Co 
THERMOMETERS 
Gas Filed 

Bristol Company 


Co. 


Co. 


Brown Instrument Co 

Taylor Instrument Companies 

Tagliahue Mfg. Co., C. J. 
Mechanical 

Brown Instrument Co 

Tagliabue Mfg. Co., C. J 
Mercurial 


Tagliabue Mfg. Co., C. J 
Taylor Instrument Cos. 
Resistance 

Brown Instrument Co 
Leede & Northrun Co 
Republic Flow Meters Co 
Wilson-Maeulen Co., Ine 


Company 


Vapor- big ered 
Brown Inst ent ¢ 
Tasilebue Mtg ( ) 
Taylor Instrument 
Wet & Dry Bulb 
Lristol Company 
Brown Instrument 
Leeds & Northrur 
Tagliabue Mfg. < 
Taylor Instrument 
THERMOSTATS 
American Radiat 
sristol Company 
Brown Instrument (¢ 
Tagliabue Mfg. ¢ 
Taylor Instrument 
TIME OPERATION RECopR 
ERS 


Tagliabue Mfg. Co 
TIME RECORDERS 

Brown Instrument ( 
TIME SWITCHES 
TIME STAMPS—Automatie 
TIME SYSTEMS—Eleet-ic 
TIMERS 

Leeds & Northrup ( 

Rawson Elec. Inst 
TINTOMETER 
TORSIOGRAPH 

Lehmann & Michels 
TRANSITS 
Ena neer’s, Surveyors, Mir 
Pocket 

Taylor Instrument ( es 
VALVES 
Automatic Shut bay 

Brown In t it ¢ 

Tugliabue Mfg ( 
Balanced 

Brown Instrument ( 
Diaphragm 

Tagliabue Mfg. Co., ( 

Taylor Instrument Cos 
Electrically Operated 

Brown Instrument ( 
Reducing 

Tagliabue Mfg. C« 
Regulating 

Brown Instrument ( 

Tagliabue Mfg. Co., ( 

Taylor Instrument Cos 
Safety, Fuel Shut-off 

Tagliabue Mfg. Co., 
VENTURI METER 


Br wn Instrument | C 


lilders Tron Four 
Reput lic Flow Meter 
VIBROGRAPH 
Lehmann & Michels 


VIBROMETER—DAVEY 
Electrucon Corporation 
VIBROSCOPE 
Electrocon Corporat 
VISCOSIMETERS 
Tagliabue Mfg. Co., ( 
Taylor Instrument ( 
VISCOSITY TUBES 
VOLT-AMMETERS 
Weston Electrical Inst 
VOLTMETERS 
Indicaiing 
Leeds & Northrup 
Rawson Electrical Ir 
Weston Electrical Ins 
Recording 
Bristol Company 
Leeds & Northrup ( 
WATER METERS 
Republic Flow Meters ‘ 
WATER & SEDIMENT APPA 
RATUS 


Tagliabue Mfg. Co., ¢ 
WATTHOUR METERS 
WATTMETERS 
Indicating 

Rawson Electrical Ir 

Weston Electrical Ins 
Recording 

Bristol Company 
WAX MELTING APPARATUS 

Tagliabue Mfg. Co., ‘ 
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Reuther Indicating and Recording Meters for Hydraulic Plants. J. Burkhardt 
Engineering Progress, August 1929, PP. 199-203 





































J 1 } , I 
tion of a number otf large flow water meterit \ Ss manutactured by B ¢ | 
Irpose und all conditions of us« KF 
he De Juhasz Indicator. Kalman J. De Juhasz. Automobile Engineer, August 
1929, pp. 303-307 
tory and present status of the De Juhasz indicator wh ; { ting g 
s and table for researc n all kinds of f¢ I 
us s iracter i | n lack { tr 1 
gine pr I j rawt pencil I M 
K.F 
a arog ive on. Automobile Engineer, August 1929, p. 294 
OR Arnold st watches and the part ar uses f t 
KI 
An Apparatus for the Measurement of Magnetic Susceptibility. W. Sucksmit 
London, Edinburgh & Dublin Philosophical Magazine & Journal of Sci 
ence, August 1 1929, PP. 158-165. 
itie simple appar S$ capat of rapid and fairly a t i ment of 
¢ Gives a the ission and { I 
japted to measurement f the large f I g 
K.F 
Easy- Reading Mercury Thermometer. Brass World, August 1929, p. 186 
4. E. Moeller Co., Brooklyn, N. Y. features a red reading I bottor f th 
s the top of the mercury column.—W.H.B 
aaa CO Test Checks Stoker Operation. Irvin G. McChesney Electri: 
World, August 31, 1929, p. 42 6. 
es t 1 from the last pass of the boil s washed 
leter i; zzle diameter t 
72 F and a head of i I 
recision g ter. The g { 
So the ex ian tie ene 
flow time of operation and fre« jine re red, the average CO 
it i it is illustrated.—W.H B 
Armature Tests and Testing Equipment Surveyed. R. S. Beers. Electric Railwa 
Journal, August 1929, p. 798. 
A survey of representative railv hov f t 
g ae WER Gee to ber sont r; (2) | ’ (3) 
f armature coil leads; (4) il test of (5) 
(6) high-potential test of compl r (7) I 
f armatures for open and short most sf l t 
rent is essential. This current is i t 8 f ¢ t 
ja variable resistance. W. H. B. 
[ransmission Line Insulation and Field Tests Pertaining to Lightning. W. \ 
Lewis. G. E. Rev., July 1929, pp. 364 -376 
A paper read at the In rnational, Conferenc ( Large Electr H tension Systems, P 
nee. A consideration of sults obtained from the study of the 1 liarit f 
prevent it { ninael 
lI pl | rat 
ght ¢ | ' 
and curves are I V 
Tellurium Thermo-Couples (Tellur Thermoelements). B i ange and W. Heller 
Physikalische Zeitschrift, July 1, 1929, PP. 419- 42 
Tellurium-platinum thermo-couples have been. constrt a suitably f ble f 
thibited quite exact measurements of temperature betwe n 7 nd IOC The I 
within this range proved to be almost completely constant. The great thermal | r of 
these thermo-couples amounting 400 x 10-6 volts jegr permit t 
meters as a zero instri with an accuracy of 1/1 jJegree. It wu jJetermined that th 
1 power of Tellurium 400°C is a straight line function betweer ind 40°¢ A 
mperature coefficient of was ascerta i between 2 ing 4 whict J to 
ney within this range, suggests the applicability of Tellurium as resistance thermomet y 
1. Experiences with thermo-couples composed of Te and Cu did not yield favorable re 
Its. H. A. 
\PPA Determination of the Softening Point of a Pitch or Bitumen. G. M. Green. J] 
_,. Soc. Chem. Ind., May 17, 1929, p. 114T. 
this original method, which gives results wi ith a reproducibility of 1°¢ nd withir I 
two of the Kraemar and Sarnow method, consists in mpaling a spherical f the 
nder test on the spear-shaped point of a douwine pin. This jropped int g 
de fitted with a thermometer and stirrer, and containing solution of potassium , 
at 16°C. The temperature is very slowly raised, and, at the softening point, the s 
here of sample ‘‘tails off’* and floats to the surface of the solution. Abs. Bull. Kodak Re 
De 
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Ames Micrometer Gauges 

For almost every testing and measuring re- 
quirement—Precision Instruments for laboratory 
use—Upright Dial Gauges—Thickness Gauges— 
Dial Gauge Heads—Pocket Gauges—Com- 
parators— Densimeters— Lens Measures— 
Halftonometers — Paper Gauges — Rubber 
Gauges—Automatic Gauges. 
Precision with speed and extreme accuracy. 



















Send for complete 
information about them 


B. C. AMES CO., Waltham, Mass. 
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Fstimation of Hydrogen in Steel. J. E. Rooney and Guy Barr. Fuels and Fur 
aces, July 1929, p. 1078. 
of paper before Iron and Steel Institute. Method nsists of heating samy n ke 
trogen and measuring the volume of hydrogen evolved by means of the Shak 
ter 
Early Developments of Orifice Meter Measurements. Thomas R. Weymouth 
Service Journal, July 1929, pp. 8-10 
Brie story of Pitot tube, and of pioneer orifice instruments accurate witl 2% M 
Developments in Regulation and Control of Industrial Furnaces. J]. W. Jone: 


Fuels and Furnaces, July 1929, pp. 1057-1058 


Abstract of paper before the y gr ngen ol f Iron and Steel Electrical Engineers, J 
Summarizes refinements made in carbon dioxide and steam fl meters tr 
rth furnace control, controls for heating furnaces, magnetic tyy g 
M.S 
Foundry Coke Specifications. J. E. Urquhart. Fuels and Furnaces, July 1929, pp 
1071-1072 
Abstract of paper before joint Production and Chemical Conference of the American Gas Ass 
, May 27-29, 1929. Discusses the formulation of specifications as related to tl stal 


various tests M.S 


Progress in the Testing of Refractories. Fuels and Furnaces, July 1929, pp. 1077 


1078. 
Abstract of report of ( on Refractories of the American § ty for Testing Materials 
4-28, 1929. Re nds revis f the heating rate of the standard thod of test f 
point of fire clay bric Deals also with rv spalling test, the reheating test 





test for silica bric 
An X-Ray Study of Firebrick. Albert E. R. Westman. Bulletin No. 193, Engi 


neering Experiment Station, University of Illinois 


lletin shows powder diffraction patterns of a number ks, to f 
rmation could be obtained from the patterns, and to compare the informatior btair 
hat secured by thermal expansion measurements, petrograpl exan t ¢ nd 


Design of a Double X-Ray Spectrometer. J. H. Williams and S. K. Allison. Jl 
Opt. Soc., June 1929, pp. 473-478 
A double x-ray spectrometer built by the authors is described 
tae i Testing Furnace for Toroidal Cores. G. A. Kelsall. JI 
1929, pp. 47-49 
Furnace is briefly described 
An Improved Constant Current Regulator. L. Longsworth and D. MacInnes .]] 
Opt. Soc., July 1929, pp. 49-56 
An apparatus is described for automatically maintaining a constant irrent through a 
gradual increases and decreases of resistance and e.m.f. ar 
Some Practical Methods of Measuring Gauge at the Coleniiore, E. Dieterich 
Rubber Age, July 10, 1929, Pp. 375-377 


The instruments considered are: hand gauges, mechani aut hir levices, the rad rauge 


Opt Soc é July 


gnetic gauge 

4 New Measuring Microscope and Its Application as a Reading Arrangement 
as Well as a Measuring Instrument. Dr. Hohenner. Zeits. Vermessung: 
wesen, May 15, 1929, pp. 353-366 
nstrument is described in considerable detail 

A New Thermopile for the Measurement of Nerve Heat Production. A. C 
Dawning and A. V. Hill. Proc. Royal Society, July 4, 1929, Series B 
pp. 147-152. 


A new type of thermopile is described, for the measurement of heat production in stin 
which has the following advantages as compare * with previous instruments: (a) 
e the e.m.f. per 1° C.; (b) it loses heat appreciably less ye taps (c) tt 
t 1/3 the time, and has a more constant ‘‘zero it is easy to st 


\ Piston Leak Gage for Pneumatic Hammers. P. J M C oe th. American Ma 
chinist, September 12, 1929, pp. 451-452 


f for t 


Describes with the aid of a diagram, the operation of a gag 
mmers.—K.F 
Indexing Head for Highly Accurate Spacing. Freeman C. Duston. Machinery 
September 1929, pp. 14-16. 
Describes in detail the construction and use of the precision indexing } 
Laboratories and employed in making the accurate gears ar erf 
elevision equipment.—K.F 
Instrument Indicates Temperature of Airplane Engines. Machinery 
1929, p. 60 


ef notice of an indicator developed by General Electric C KF 








Rr; 





Page 34 INSTRUMENTS Oct 


INDEX CARD SECTION 


A file card index will be a valuable asset. It is suggested that this index informatior 
mounted on cards, and filed in your desk or in a file box on top of your desk. } 
have within easy reach an index of instrument information of incalculable vali 















9- 
THE INSTRUMENT EXHIBITS AT THE NATIONAL METAL EXPOSITION 
INSTRUMENTS, Vol. 2, No. 10, October 1929, pp. 333-336, 4 fig 
The instrument exhibits are briefly described 





MEASUREMENTS—INDUSTRIAL AND SCIENTIFIC 


DR. WALTER BLOCK, INSTRUMENTS, Vol. 2, No. 10, Octobe: 


337-346 


T e ¢ nd netallmense f r T} rigina . . Jerma 
Messen und Waegen.”’ This installment considers the historical development 





THE MEASUREMENT OF AIR FLOW 
E. OWER, INSTRUMENTS, Vol. 2, No.:10, October 1929, py 


2? figs 
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Testing Equipment ~ 





McCOLLUM-PETERS 
ELECTRIC TELEMETER 





HUGGENBERGER TENSOMETER WHITTEMORE STRAIN GAUGI 
Universal Recording Testing Machines 
SOUTHWARK FOUNDRY and MACHINE COMPAN) 


400 Washington Avenue 
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The Taylor Instru- 

ment Companies of- | 
fer you a complete 
line of superior in- 
struments for indi- 
cating, recording or 
controlling tempera- 
ture, pressure and 
a Tit. humidity. Corre- 
spondence on your 


ttre 


requirements is in- 
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vited. 
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Contreil 


Assured by Automatic Temperatu 


The Most Extensive Line 
of Recording, Indicating 
and Controlling Equip- 
ment for the Industries, 
including: 

Pressure and Vacuum Gauges; 
Liquid Level Gauges; Electrical 
Boiler Water Level Gauges; Re- 
cording Thermometers; Indicat- 
ing and Recording Pyrometers; 
Recording Psychrometers; Re- 
cording Electrical Instruments 
(including Voltmeters, Miéilli- 
Voltmeters, Ammeters, Miéilli- 
Ammeters, Shunt Ammeters, 
Wattmeters, Frequency Met- 
ers); Mechanical Motion Re- 
corders; Electrical Operation 
Recorders; Indicating and Re- 
cording Tachometers; Engine 
Counters; Revolution Count- 
ers; Averaging Instruments; 
Gaugeboard Clocks. Also equip- 
ment for automatically control- 
ling Temperature, Pressure, 
Liquid Level, Liquid Flow, 
etc.; together with Motor Op- 
erated and Solenoid Controller 
Valves, and Control! Panels. 


The Bristol Company, Waterbury, Cont 


Philadelphia 
Pittsburgh 


Boston 
New York 











The fact that auto 
matic control of heat treat 
ing temperatures is proving 
so successful in hundreds of 
OTHER plants should be 
enough for 

moment and 
consideration to its 
benefit to YOUR 


very 
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pause a give 
S¢ rious 
possible 
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tion above 
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Thermometer 
Relavs and C 
Valves used in 
with electrically 
enameling ovens. 
form temperatures 
tained such 
have brought about several 
definite results: 
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form 
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